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For nearly 100 years, the diagnosis of cutaneous 
lymphoproliferative disorders has been achieved primar- 
ily by a combination of clinical acumen and the 
assessment of skin biopsies by classical light microscopy. 
Transmission-electron microscopy played a major role 
in establishing the cerebriform nature of the nucleus in 
Sézary syndrome and mycosis fungoides (MF) and 
enzyme histochemistry provided a means of demonstrat- 
ing histiocytic or T-cell lineage.! However, during the 
last decade, immunohistochemical techniques have 
resulted in an explosion in the amount of scientific 
information available? including more recently, the use 
of DNA recombinant technology. The purpose of this 
review is to highlight and evaluate these advances and 
thereby place them in diagnostic and pathogenetic 
perspective for the general clinical dermatologist. It is 
hoped that this will also give helpful insight into 
developments that may be anticipated in the near future. 


Immunohistochemistry 


Initially, the division of cutaneous non-Hodgkins malig- 
nant lymphomas into B, T, and histlocytic types could 
only be achieved by the use of monoclonal antibodies on 
unfixed tissue.7* More recently a new generation of 
antibodies has been highly successful in demonstrating 
cell lineage on fixed paraffin-embedded  tissue.*® 
Although cutaneous infiltrates displaying epidermotro- 
phism are usually of T-cell lineage, immunophenotypic 
analysis is desirable for some non-epidermotrophic 
infiltrates; especially in the case of high-grade lesions. 
However, despite the undoubted value of the technique, 
problems can still occur. First, lmeage may not be pure 
and dual B- and T-cell types have been reported.’ 
Second, most malignant lymphoid infiltrates are accom- 
panied by a reactive stromal lymphoid component and 
the latter can cause interpretive confusion. For example, 
a small malignant B-cell population can be masked by a 
larger reactive T-cell one. In addition, the latter itself 


may be epidermotrophic and thereby cause diagnostic 
problems in a superficial biopsy. Also, the cutaneous 
infiltrate associated with some B-cell malignancies (such 
as chronic lymphocytic leukaemia) may be of T-cell 
reactive type rather than malignant.® 

Early enzyme histochemical techniques established 
that MF and Sézary syndrome were of T-cell lineage and 
the concept of both equating with the proposed entity of 
cutaneous T-cell lymphoma (CTCL) was a major 
advance.? However, advances in tmmunohisto- 
chemistry quickly demonstrated that other types of 
peripheral T-cell lymphoma existed and could present as 
CTCL. True histiocytic lymphomas are still recognized 
to occur in the skin’! but many diseases originally 
considered to be of histiocytic origin (such as regressing 
atypical histiocytosis) are, as discussed later, now known 
to be of T-cell lineage. 

Classification of T-cell lymphomas has proved difficult 
but updated versions of the Kiel classification are now 
finding acceptance.'*° These classifications are based 
primarily on cytological criteria and post-thymic periph- 
eral T-cell lymphomas have been divided into low- and 
high-grade types on the basis of being prognostically 
important.‘ However, with the exception of MF and 
Sézary syndrome the only other readily identifiable 
clinicopathological entity in this group is adult T-cell 
leukaemia/lymphoma (ATLL) associated with the 
human T-cell lymphotrophic leukaemia/lymphoma 
virus (HTLV).1516 The other histological T-cell lympho- 
mas appear heterogeneous, both with regard to clinical 
features and immunophenotypic analysis. In addition, 
the Pautrier abscess, once thought to be a sine qua non of 
MF is now recognized as occurring in other T-cell 
lymphomas, especially ATLL. 

Special mention must be made of the CD30 (Ki-1/Ber- 
H2) positive large-cell anaplastic lymphoma (LCAL). This 
belongs to the overall category of large-cell lymphoma 
which includes pleomorphic, centroblastic and tmmuno- 
blastic types. LCAL has an identifiable histological 
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appearance and, as initially defined, should display 
CD30 positivity. However, it is now known that CD30 is 
a lymphoid activation antigen?” and that positivity can 
be seen in other lymphoid malignancies, the Reed- 
Sternberg cell of Hodgkins disease!” and some reactive 
conditions.1* For this reason, co-expression of epithelial- 
membrane antigen is a useful supplementary immuno- 
histochemical feature. Immunophenotypically, LCAL ts 
usually of T-cell lineage but B and ‘null’ types also 
occur.!? LCAL occurs both as a primary cutaneous 
presentation and also secondary to nodal disease and 
cutaneous lymphoproliferative disorders such as MF and 
lymphomatoid papulosis.7° Although nodal large-cell 
lymphomas behave as high-grade malignancies, Bel- 
jaards et al.* showed that long-term remission can be 
achieved in CD30-positive cases of primary T-cell cuta- 
neous large-cell lymphoma. Similarly, Kaudewitz et al.7° 
showed up to 6 years’ remission in nine out of 11 
patlents with primary T-cell CD30-positive LCAL. How- 
ever, a degree of caution would appear warranted as 
both Kaudewitz et al.*° and Ralfkiaer et al.1® noted rapid 
systemic spread in some patients. This would appear to 
be particularly so when LCAL has developed in the 
context of MF.16° 

It is of interest that an identical histological appear- 
ance to CD30-positive LCAL can be seen in several other 
cutaneous T-cell lymphoproliferative disorders includ- 
ing lymphomatoid papulosis,** regressing atypical his- 
tiocytosis,?? and also childhood Ki-1 lymphoma.** 
Indeed the only significant difference between these and 
primary LCAL is that the former are characterized by the 
clinical feature of spontaneous regression. This indicates 
that the histological spectrum of LCAL must be inter- 
preted with careful clinicopathological correlation. 

Because of the diversity and uncertain prognosis of 
some cutaneous lymphomas, several appear as ‘unclas- 
sified’ or ‘rare’ in the updated Kiel classifications. 1223 
This includes, for example, multilobulated lymphoma 
and angiotrophic lymphoma (malignant angioendothe- 
liomatosis); both of which may be of either B- or T-cell 
lineage.*> Also, Jaffe’s useful concept of angiocentric 
immunoproliferative lesions*® is not easily included; the 
latter comprising a spectrum of diseases ranging from 
benign lymphocytic vasculitis and granulomatosis 
(BLAG), through lymphomatoid granulomatosis to 
high-grade malignant lymphoma. 

As well as cell lineage, immunophenotypic analysis 
can also give information relating to T-cell subsets; 
although currently such investigations still require the 
use of fresh tissue. All studies have shown that malig- 
nant T-cell proliferations are most frequently of CD4 


(inducer) phenotype.’ Rarely, CD8 (suppressor/cyto- 
toxic) variants of most entities including MF,*” ATLL,7® 
pagetoid reticulosis,?? lymphomatoid granulomatosis*° 
and lymphomatoid papulosis’? have been reported. In 
view of the cytotoxic/suppressor functional activity of 
CD8 cells, several studies have attempted to assess their 
significance in CTCL. Divergent results have emerged 
with some reports describing CD8 CTCL with a good 
prognosis,** whereas others have shown a rapidly fatal 
outcome.*? A possible reason for these differences has 
been suggested by Agnarsson et al.** who have described 
nine patients with CD8 CTCL and varying clinical 
outcomes. Agnarsson found that rapid progression was 
associated with the CD2-negative, CD7-positive pheno- 
type and in comparison, chronicity associated with the 
CD2-positive and CD7-negative phenotype. 

There has also been the interesting observation that 
although an excess of CD4 inducer cells ts the general 
rule in established cases of MF, some individual cases 
and especially the early stages may be characterized by 
large numbers of CD8 cells.7°°® From the known 
function of CD8 cells, it is tempting to suggest that they 
could be downregulating the immune response and 
thereby have prognostic significance. However, Vonder- 
heid et al.?” have shown that the number of CD8 cells has 
no significant correlation with subsequent outcome and 
response to treatment. In addition, a degree of caution in 
the area of CD4/CD8 subsets would appear warranted 
following a report describing a CTCL which changed 
from CD8 to CD4 phenotype.?° 

It has been shown that CD4 inducer T cells are 
heterogeneous and include suppressor (or naive) and 
helper (or memory) subpopulations. The suppresor 
inducer CD4 subset is characterized by the CD45RA 
(2H4) antigen which represents an epitope of the 
leucocyte common antigen family. A characterizing 
surface molecule of the helper inducer subset is the 
CDw29 antigen which belongs to the integrin super- 
family of adhesion molecules. Also, this subset has a high 
density of CD45RO (UCHL1) and adhesion molecules LF- 
3, CD2 and LF-1. Sterry and Mielke®? have shown that 
all CTCL examined (including MF, Sézary syndrome, 
lymphomatoid papulosis, pleomorphic and high grade 
T-cell lymphomas) were of helper inducer T-cell pheno- 
type although in the peripheral blood the subsets were 
equally represented. This is similar to inflammatory 
dermatoses*® and possibly has important pathogenetic 
implications. Current theorles suggest that the CD4 
subsets may reflect sequential stages of lymphocyte 
maturation before or after activation (naive and memory 
cells, respectively) and this could be interpreted as 
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additional support for the theory of CTCL being asso- 
ciated with antigen persistence or stimulation.*! Co- 
expression of CD45RA and CDw29 has been reported in 
a case of Sézary syndrome* and ATLL would appear an 
ideal candidate for a malignant proliferation of CDw29 
cells. The cells in ATLL, although of CD4 phenotype, 
usually possess suppressor functional activity.* 

The division of CD4 cells into functional subsets may 
have significance in the reactive stromal lymphoid 
population. Reinhold et al. have been able to isolate CD4 
CD45RA suppressor inducer cells from the tumour 
infiltrating lymphocytes (TIL) of a patient with MF; 
thereby providing evidence that a subpopulation of 
reactive TIL may be involved in downregulating the 
immune response.** 

A major expectation of monoclonal antibody tech- 
nology was that the distinction between benign and 
malignant lymphoid infiltrates would be facilitated. 
Unfortunately, to date, this expectation has only been 
partially realized and knowledge of CD4 and CD8 subsets 
invariably has little bearing on the final benign or 
malignant diagnosis.*? However, Abel et al. made the 
useful observation that a diagnosis of benign erythro- 
derma was facilitated by a greater percentage of CD8 
cells in the epidermis compared to the dermis.** While 
this criterion was 100% specific, it was unfortunately 
only 58% sensitive. Also, studies suggesting that the 
tumour-associated antigens (BE] and BE2) could be 
useful*” have not gained universal acceptance.*® Despite 
these limitations, useful criteria for malignancy have 
been suggested by Picker et al.*? although no single 
criterion has proved to be absolute in its own right and 
each must be interpreted with full knowledge of the 
clinical situation. 

For both B and T cells, the criteria include moncclona- 
lity, aberrant tmmunophenotypic expression and 
lineage antigen loss. The criterla have been most 
critically assessed with regard to cutaneous B-cell 
lymphomas*’ and the most useful was found to be 
monoclonality. This can be demonstrated by the pres- 
ence of light-chain restriction, although as some cases of 
cutaneous B-cell lymphomas do not express immuno- 
globulin“?! an absence of polytypic staining of the stromal 
follicular dendritic reticulum network must be used as a 
less satisfactory alternative. However, it should be noted 
that some published cases of cutaneous B-cell pseudo- 
lymphoma have been accepted as benign despite 
absence of dendritic cell staining.” 

Until recently, histological techniques were not avail- 
able for the demonstration of T-cell monoclonality. 
However, a small number of monoclonal antibodies are 


now available that recognize the protein specified by 
families of T-cell antigen receptor-variable genes.” 
Using antibodies specific for the V88 and V85 genes, Jack 
et al.”* showed monoclonal proliferation in 10 out of 16 
cases of plaque or tumour stage MF; although monoclo- 
nality could not be demonstrated in patch CTCL. The 
unexpected high frequency of one selected V gene family 
raises the possibility that CTCL derives from a distinct 
subpopulation of antigen or virus-selected T cells. Until 
this development, the suggestion of T-cell malignancy 
was best supported by an assessment of aberrant 
immunophenotype (such as dual CD4 and CD8 ex- 
pression) or antigen loss. The commonest antigens lost 
in T-cell malignancies are CD4 and CD8 and also the 
lineage markers CD5 and CD7. It is fortuitous that the 
most useful lineage antigens (CD3 and $ F1) are usually 
lost later. 

It was originally thought that both MF and large 
plaque parapsoriasis were frequently characterized by a 
combined CD7 and Leu 8 negative phenotype.*’ How- 
ever, subsequent work has shown that this phenotype 
cannot accurately distinguish between benign and 
malignant forms of erythroderma and that antigen loss 
is more constant in the later rather than early stages of 
ME.56 

Antigen deficiencies must be interpreted carefully as 
they have been reported in benign dermatoses such as 
pityriasis lichenoides?” and, in the specific case of Leu 8 
deficiency, findings may relate to an expansion ofthe Leu 
8 negative helper inducer subset rather than a true loss. 

Considerable interest has been shown in the mono- 
clonal antibody HML-1 and originally this was thought 
to be specific for primary intestinal T-cell lymphoma and 
ME.>® However, it is now recognized that the antibody is 
neither specific to T cells nor to these malignancies”? and 
instead may be detecting a new activation/proliferation 
antigen. Sperling et al.°® showed that, whereas the 
majority of dermal cells in MF were negative for HML-1, 
epidermotrophic cell reactivity divided cases into those 
that were positive or negative. The HML-1 positive cells 
tended to be localized preferentially in the basal layers, 
whereas the negative ones were distributed throughout 
the epidermis or formed aggregates. Immunolabelling 
showed no clear correlation between HML-1 reactivity 
and expression of CD4 and CD8 antigens. To date it is 
difficult to draw definitive conclusions from these results. 
However, they raise the possibility that MF may not bea 
single entity but represents a group of heterogeneous 
disorders originating from different T-cell subsets, 
although with a similar clinical appearance.*® 

In addition to T and B cells and histiocytes, a third 
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distinct functional population of lymphocytes are 
natural killer (NK) cells. Early studies using HNK-1 (Leu 
7) antibodies showed no conclusive findings in cuta- 
neous lymphoid infiltrates, although occasional 
studies have suggested that NK cells may be the 
proliferating cell population in some cases of pagetoid 
reticulosis and lymphomatoid granulomatosis. How- 
ever, as HNK-1 has a wider expression than originally 
recognized, these studies require to be repeated with 
more specific NK cell antibodies such as CD16 and CD57 
(HNK-1). Although the nature of lymphokine activated 
killer cells remains controversial (T or NK cell origin), 
Wood et al.*! have shown that tn MF, a depressed activity 
in the peripheral blood may be a marker of more 
aggressive disease. 

As well as cell lineage and subsets, immunohisto- 
chemistry can provide information relating to functional 
activity of lymphocytes. This includes the activation 
antigens CD25 (interleukin 2 receptor) and CD30 (Ki-1 
or Ber H2) and the cell-cycle-associated (proliferation) 
nuclear antigen (K1-67). Some lymphomas such as ATLL 
have a tendency to express CD25 more than MF and 
Sézary syndrome, but no one observation is diagnostic. 

However, the results of functional antigen expression 
provide valuable information regarding the possible 
pathogenesis of cutaneous lymphoproliferative dis- 
orders. For example, Nickoloff and Griffiths®? have 
shown that in MF, the predominant T cell is of memory 
type and that the dermal T cells, despite the variable 
expression of activation antigens, are Ki-67 negative 
and therefore in the Go resting state. In contrast, in 83% 
of cases of MF, the epidermal T cells are Ki-67 positive 
implying cycling in the G1, S, and G2-M phases. The 
reason for the intraepidermal cycle activation remains 
uncertain but presumably relates to keratinocyte—lym- 
phocyte interaction. 

In addition, activation antigen expression has been a 
major component of immunohistochemical evidence 
suggesting a close relationship between Hodgkin's dis- 
ease and lymphomatoid papulosis. This has been based 
on the frequent expression by the large atypical cells of 
HLA-DR, CD25, CD30 and to a lesser extent CD15 (Leu 
M1).°**° This has resulted in Kadin's hypothesis of a 
common activated helper T cell origin for lymphomatoid 
papulosis, MF and some types of Hodgkin’s disease.®°°” 

There has been considerable discussion regarding the 
Langerhans cell and virus hypothesis of the aetiology of 
ME.!-8 The CD1 molecule is expressed on Langerhans 
cells and immunohistochemical evidence shows that 
they are an integral] part of both the epidermal Pautrier 
abscess and lymph node in MF.® Recently, an important 


new Factor XIIa-positive antigen presenting cell, the 
dermal dendrocyte, has been described®? and its role in 
cutaneous lymphoproliferative disorders requires care- 
ful assessment. However, personal work to date suggests 
that, like the Langerhans cell, the cell has a variable 
distribution and state of activation within the epidermis 
(including Pautrier abscesses), the dermis and lymph 
nodes of MF (Fig. 1). Furthermore, in some cases of MF 
the dermal dendrocyte may be the predominant cell in 
the dermal infiltrate. This observation places increasing 
importance on the broad similarities between mucosa- 
associated and skin-assoctated lymphoid malignancies 
and the increasing evidence which suggests that both 
may be antigen stimulated and sensitive. 

Another area of major current interest is cellular 
adhesion and tts relationship to the trafficking of lym- 
phocytes within the skin. Although cellular adhesion ts 
extremely complex, one well-recognized association is 
the lymphocyte function associated antigen-1 (LFA-1) 
and its ligand intercellular adhesion molecule-1 (ICAM- 
1). Results to date in CTCL are however conflicting. 
Vejlsgaard et al.”° found that there was a tendency in MF 
for keratinocytes to express less ICAM-1 as the disease 
progressed and that in the Sézary syndrome ICAM-1 
expression was retained. This is in contrast to Nickoloff 
et al.” who found absence of ICAM-1 expression in the 
Sézary syndrome and showed that this was associated 
with an inability of the malignant cells to produce y- 
interferon. However, observations shared by both 
groups were instances of epidermal HLA-DR expression 
in the absence of ICAM-1 expression; this is intriguing as 
to date no cytokine has been described which can 
produce this pattern. 

The so-called B- and T-cell patterns of lymphoid 
infiltrates must have a molecular explanation in terms of 
homing receptors, adhesion molecules and cytokine 
production; as must the general tendency to lose 
epidermotrophism with high-grade T-cell lymphomas. It 
can be expected that this area will be increasingly 
elucidated in the near future and give valuable 
prognostic information regarding tumour grade and 
even treatment modalities. 


Genotypic analysis and antigen receptor gene 
rearrangements 


It is now recognized that there are close similarities 
between B- and T-cell surface-antigen receptors. On B 
cells, each immunoglobulin (Ig) molecule is composed of 
paired heavy- and light-chain proteins joined together 
by disulphide bonds. The T-cell receptor (TCR) is a 
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disulphide-linked heterodimer consisting of either single 
x-chain and f-protein chains or single y- or 5-protein 
chains. To achieve the molecular repertoire necessary 
for extensive immune recognition, antigen-receptor 
genes must undergo somatic rearrangement of their 
germline configuration before a functional protein can 
be encoded. Antigen receptor specificity is dependent on 
the variable (V) region of each protein chain and 
rearrangement involves the selection of a V gene 
segment which is brought into close proximity to a 
joining (J) gene segment. In addition, a diversity (D) gene 
segment is present between the V and J segments in the 
case of Ig heavy chain and TCR-f-and 6-chain loci. The 
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Figure 1. Factor XIIla-positive cells (a) Skin biopsy of plaque stage mycosis fungoides (Immunoperoxidase x 400) (b) Dermatopathic lymph node in 


mycosis fungoides (Immunoperoxidase x 240) (c) Cutaneous nodular urticaria pigmentosa showing the close association between mast cells and 
XI Ila positive cells. 


Pat. 


new contiguous sequence of V-] or V-D-] regions 
together with a constant (C) region, encodes the func- 
tional B- and T-cell antigen receptors. The genetic 
‘fingerprint’ that the arrangement produces is the basis 
of antigen-receptor-gene arrangement studies. 
Analysis of DNA rearrangement is achieved by the 
technique of Southern blot analysis. Chromosomal DNA 
is extracted from the tissue, digested with restriction 
endonucleases and the resulting mixture of DNA frag- 
ments separated by size using gel electrophoresis. The 
DNA fragments are transferred (‘blotted’) to a membrane 
and the antigen-receptor genes identified by using 
cloned probes prepared by recombinant DNA tech- 
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nology. With radioactive labelling, fragments bearing 
the genes appear as discreet bands on autoradiographs. 
The pattern of banding seen in non-lymphoid cells is 
known as the ‘germline’ configuration. In polyclonal 
lymphocyte proliferations, many clones contribute their 
own individual antigen-receptor-gene rearrangements, 
although none is present in sufficient quantities to be 
detectable as an additional band. However, a non- 
germline band signifies a probable monoclonal lympho- 
cyte proliferation (Fig. 2) and the type of receptor chain 
rearrangement can be a useful marker of T- or B-cell 
lineage. 





Figure 2. Autoradiographs of DNA analysis of skin nodules from a 
patient with suspected T-cell lymphoma. Lanes | and 4, nodule 1; 
lanes 2 and 5, nodule 2; and lanes 3 and 6, nodule 3. Lanes 1-3 digests 
with EcoRI and lanes 4-6 digests with Bam H1. Dashes indicate 
unrearranged germ-line fragments, arrows and asterisks indicate the 
identically rearranged TCR beta genes. Numbers indicate mol. wt. in 
kb. (From: Ideyama S, Taraka T, Akagi M et al. Br ] Dermatol 1988: 
118: 264.) 


T-cell lymphoproliferative disorders 


Studies in which the reported TCR f-gene rearrange- 
ment can be correlated with the clinical stage of MF or 
Sézary syndrome are summarized in Table 1. A reason- 
ably predictive pattern emerges in that /-gene re- 
arrangement occurs frequently in the peripheral blood 
in Sézary syndrome, in the skin in tumour stage MF and 
in the lymph nodes showing histological involvement by 
Sézary syndrome or MF. However, /-gene rearrange- 
ment has rarely been demonstrated in patch-stage MF 
and is often not detectable in plaque stage. There are 
various explanations for an absence of identifiable gene 
rearrangement including chromosome loss, co-migra- 
tion of rearranged and germline bands and alternative 
antigen-receptor rearrangements. However, these possi- 
bilities do not appear particularly relevant to MF and a 
lack of rearrangement is generally interpreted to indicate 
that either the early stage of MF is polyclonal or that any 
monoclonal cell population present is below the sensiti- 
vity of Southern blot analysis (usually regarded as 1-5% 
of the total cell population). An interesting finding has 
been the presence of B-gene rearrangement in approxi- 
mately 75% of lymph nodes showing dermatopathic 
change on light microscopy.’ This is in agreement with 
previous studies showing that extracutaneous spread is 
extremely common in MF*” and provides a reason why 
palpable lymphadenopathy in MF is an unfavourable 
prognostic sign irrespective as to whether histological 
mycotic involvement is present.*’ It also supports the 
view that nodal sites are important in the pathogenesis 
of mycosis fungoides and Sézary syndrome**** and 


Table 1. Beta T-cell receptor rearrangements in mycosis fungoides and Sézary syndrome 
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Mycosis fungoides 





Skin 


Stage I/II Stage IL/IV 





Weiss et al, — 5 (5) 
Weiss et al,’ — — 
Bertness et al.”* — — 
Waldmann et al.’ — — 
O'Connor’® and 
Ralfkiaer et al.’’ (0) (12) 10 (10) 

Bignon et al.™” 1 (1) — 
Peters et al.™” 1 (1) — 





Lymph node Blood 

















Sézary syndrome/erythrodermic 
= mycosis fungoides 
Stage IVa Stage IVb Stage I/II] Stage IM/IV Blood and/or lymph node 
7 (9) 8 (8) — 2 (2) —_ 
— — 2 (13) 1 (4) 3 (3) 
O(1) 7 (7) — _ 11 (11) 
— -— — -— 5 (5) 
2 (2) — — = 5 (5) 


— (1) — — 
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Results are shown as number of cases with TCR f-gene rearrangement. Figures in parenthesis are the total number of cases studied. Staging key 
(Scandinavian MF Cooperative Group): Stage |, patch stage: Stage 2. plaque stage; Stage 3, tumour ( nodule) stage: Stage IVa, dermatopathic 
lymphadenopathy; Stage IVb, lymphadenopathy with mycotic involvement. 
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gives insight as to why purely cutaneous treatment 
modalities are often not curative. 

Some studies have demonstrated rearrangement of 
TCR y’3> and aë genes and this can be useful when 
B-gene rearrangement is absent.® Care has to be taken, 
however, in the interpretation of TCR y non-germline 
bands in the absence of B-gene rearrangements. TCR y 
rearrangement is much more limited in the V segment 
compared to the $ chain and non-germline bands may 
represent the presence of several clones having the same 
rearrangement rather than a monoclonal proliferation. 

The detection of non-germline rearranged bands in 
the more advanced stages of MF and Sézary syndrome 
indicates that both are clonal T-cell lymphoproliferative 
disorders. In addition, the presence of one or two 
identical rearranged genes from different sites within the 
same patient”? suggests that the same clone is involved 
and has been derived from a transformation event 
within a single T cell. In the clinical context, treatment 
and prognostic assessment are totally dependent on 
disease staging. Accordingly, it is important that Weiss et 
al.’* have convincingly shown that TCR gene analysis 
can significantly improve staging accuracy and also be 
used to assess whether occult disease is present during 
clinical remisston.”? 

TCR gene analysts has also thrown doubt on the 
validity of assessing peripheral blood involvement in MF 
and Sézary syndrome by light microscopic examination 
for Sézary cells. In a series of 26 patients, Weiss et al.73 
found peripheral blood TCR rearrangement in one case 
with no Sézary cells and, in comparison, a germline 
configuration in two cases with 3-4% of circulating 
Sézary-like cells. Also, Bendelac et al.®” failed to find TCR 
B-gene rearrangement in a patient with 67% circulating 
Sézary-like cells, although rearrangement was present 
in a skin biopsy. Non-neoplastic circulating Sézary-like 
cells have been reported in a variety of benign derma- 
toses and it would appear that similar reactive cells can 
occur in the peripheral blood in MF and Sézary syn- 
drome. 

Unlike most lymphomas, CTCL often contains a 
polymorphous infiltrate comprised not only of malig- 
nant T cells but also benign lymphocytes and other 
inflammatory cells. Ho et al.88 have cultured and cloned 
T cells from the lesions of CTCL and analysed the TCR £f- 
and y-gene rearrangements of the cloned lymphocytes. 
None of the cloned cells exhibited the same gene 
rearrangements as the predominant, presumed malig- 
nant, clone found in the peripheral blood and skin, even 
though the malignant clones were present in the 
original in vitro lymphocyte culture. Twelve different 


T-cell clones were derived from each patient suggesting 
that they represented the presumably reactive T cells in 
the lesions. The ability to selectively grow these reactive 
tumour-infiltrating lymphocytes could be used in adapt- 
ive immunotherapy. 

Lymphomatoid papulosis has been the subject of 
several genotypic studies. Weiss et al.®? studied six 
patients and found TCR f-gene rearrangement in five 
and y-gene rearrangement in four. However, in three of 
these patients there was coexisting MF or lymphoma. 
Classical lymphomatoid papulosis has been analysed by 
Kadin et al.?° in five patients and f-gene rearrangements 
were identified in four. Interestingly, subsequent lym- 
phoma was only associated with one of the clonal cases. 
Kaudewitz et al.?* have reported a patient with lympho- 
matoid papulosis who subsequently developed a nodal 
LCAL. Identical B-gene rearrangements were found in 
the skin and lymph node and the authors suggested that 
a T-cell clone with metastatic potential had developed 
within a cutaneous lesion. Although immunoglobulin 
gene analysis was not undertaken by either Welss or 
Kadin, rearrangements were not detected by Whittaker 
et al.?* Both Weiss and Kadin found no correlation 
between Willhemze histological type and the presence or 
absence of TCR gene rearrangement. However, in 
contrast, Whittaker et al.°* found TCR rearrangement 
indicative of type B (characterized by large cerebriform 
cells) rather than type A (characterized by Reed- 
Sternberg-like cells). In patients without associated 
malignancy, Weiss et al.89 found between one and three 
B- and y-gene rearrangements. Explanations for more 
than two rearrangements of TCR genes could include 
naturally occurring DNA polymorphism of the germline 
configuration, extra chromosomes or chromosomal 
breakage within the sequence hybridized by the probe. 
However, the most likely explanation in lymphomatoid 
papulosis is a multiclonal origin of the disease. In 
addition, although not confirmed by Kadin, Weiss 
showed varying patterns of the gene rearrangements in 
three specimens from different sites in the same patients. 
This suggested that different lesions could contain 
different T-cell clones. The presence of multiclonal and 
multifocal lestons in lymphomatoid papulosis may have 
important pathogenetic implications in view of similar 
muiticlonal B-cell tumours that have been demonstrated 
in immunodeficient patients infected with Epstein-Barr 
virus.?? This comparison raises the possibility of a role for 
either some form of viral infection and/or immunologi- 
cal deficiency in lymphomatoid papulosis. It is conceiv- 
able that the lesions of lymphomatoid papulosis develop 
when T-cell expansion is greater than the host immune 
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response and regress when the balance alters in favour 
of the latter. The development of malignant lymphoma 
could theoretically supervene following multistep mol- 
ecular events that progress from polyclonal to clonal 
proliferations and overwhelm host immune mecha- 
nisms. 


B-cell lymphoproliferative disorders 


The value of immunoglobulin gene rearrangements as 
markers of clonality has been recognized for some time 
and in general all cases of B-cell non-Hodgkin's lym- 
phoma show varying combinations of heavy-and light- 
chain rearrangement.”* It is perhaps for this reason that 
cutaneous B-cell lymphomas have been poorly studied. 
However, in one report, Berti et al. analysed 13 cases and 
detected one or two rearrangements for immunoglobu- 
lin heavy chain in 1 1 cases and for kappa or lambda light 
chain in all cases.?° 

A valuable application of the technique has been in 
the area of cutaneous B-cell lymphoid hyperplasia. 
Weiss et al. initially studied two cases which showed no 
immunoglobulin gene rearrangement.’® However, in a 
heterogeneous series of 18 cutaneous pseudolympho- 
mas, Wechsler et al.” identified one patient with cuta- 
neous lymphoid hyperplasia and immunoglobulin gene 
rearrangement, despite the lesion having a polyclonal 
appearance on immunohistochemistry. Wood et al.?® 
have analysed 14 patients with the clinical, histopatho- 
logical and polyclonal immunohistochemical findings of 
cutaneous lymphoid hyperplasia. Five patients showed 
heavy-chain gene rearrangements and of these three 
possessed additional light-chain gene rearrangements. 
One patient exhibited clinical resolution of the clonal 
lesions without therapy and one experienced progres- 
sion into a large B-cell lymphoma over a 2-year period of 
follow-up. The Ig gene rearrangements of this lym- 
phoma were identical to those of the prior lesion. Results 
similar to these have been reported in both ocular and 
salivary gland lymphoid infiltrates, and it is possible that 
occult clonal B-cell populations may be not unusual 
among extranodal lymphoid hyperplasias containing B 
cells that are polyclonal by immunohistological criteria. 
Further studies are required to assess whether the 
presence of B-cell monoclones within the lesions of 
cutaneous lymphoid hyperplasia defines a subset with a 
high risk of developing subsequent overt cutaneous B- 
cell lymphoma. However, in the interim, it would appear 
wise for patients with genotypically clonal cutaneous 
. lymphoid hyperplasia to be followed up carefully. 
The presence of multiple Ig rearrangements in B cells 
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poses more problems with interpretation then multiclo- 
nal TCR rearrangements. The Ig gene remains suscep- 
tible to somatic mutations even after rearrangement and 
the diagnosis of mono- or multi-clonality must depend 
on additional genetic analysis. 


Cell lineage identification 


Until recently, the cell lineage of several dermatopatho- 
logical diseases has remained obscure. As with lympho- 
matoid papulosis, immunchistochemical findings have 
frequently been diverse with often no definitive answer 
emerging. 

Regressing atypical histiocytosis (RAH) was first 
defined by Flynn et al”? as a proliferation of atypical 
‘histiocytes’ that formed nodulo-ulcerative lesions in 
skin. However, there is now substantial evidence that 
many neoplasms judged to be histiocytic in derivation 
based on morphological criteria are, in fact. of T-cell 
origin.'°° Therefore, although very few cases have been 
analysed, it is of importance that Headington et al.*? 
found rearrangements of the TCR f gene and partial 
deletion of the » gene in a classical case of RAH. This is 
highly suggestive of a monoclonal proliferation of T-cell 
origin. RAH has features in common with lymphomatoid 
papulosis including histological features of malignancy. 
a tendency for lesions to undergo spontaneous remission 
and a risk of development of systemic lymphoma. It is 
entirely possible that the pathogenetic features discussed 
with lymphomatoid papulosis are equally applicable to 
RAH and indeed to other cutaneous T-cell lymphoproli- 
ferative disorders with similar characteristics. Kadin et 
al.** have described a clinicopathological syndrome 
among children and adolescents of a Ki-1 lymphoma 
characterized clinically by frequently regressing skin 
lesions and peripheral lymphadenopathy. Comparison 
has been made between this syndrome and RAH, and 
TCR f-gene rearrangements were found in the one case 
analysed to date. 

In 1972, Liebow et al.'°! described a new entity 
entitled lymphomatoid granulomatosis. This was char- 
acterized by an angiocentric and angiodestructive atypi- 
cal lymphohistiocytic and granulomatous infiltrate. 
Although the disease primarily affects the lungs, cuta- 
neous involvement is extremely common and may be 
the initial presentation. The clinical course is extremely 
variable and some cases may evolve into an overt 
systemic lymphoma. This has resulted in uncertainty in 
its nosological position and both ‘inflammatory’ and 
‘malignant’ origins have been suggested. To date, two 
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cases have been reported with genotypic analysis*®:!°? 
and both have possessed rearrangement of the TCR f 
gene. Both cases were unusual, however, in that they 
were associated with other malignancies (lethal midline 
granuloma and myeloblastic leukaemia). 

Pagetoid reticulosis is a rare disorder comprising 
either solitary or localized cutaneous plaques (Wor- 
inger—Kolopp disease) or a disseminated form (Ketron— 
Goodman variant). The nature of the intraepidermal 
cells has been controversial and conflicting evidence has 
suggested a T-cell, monocyte, histiocyte or even Merkel- 
cell origin, Similarly, there has been disagreement about 
whether the disease is a reactive or neoplastic disease. 
Wood et al.'°? have undertaken genotypic analysis on 
one case of Woringer-Kolopp disease and found clonal 
rearrangements of both TCR f- and y-chain genes. This 
is supportive of a T-cell origin and confirms clinical 
suspicions of a close relationship with CTCL. 

Granulomatous slack disease is a perplexing disorder 
characterized by lax bulky folds of skin and a dense 
granulomatous cellular infiltrate. In addition, unusual 
histological features include lymphocyte epidermotro- 
phism similar to CTCL and a clinical association with 
Hodgkin's disease in some patients. A clonal nature of 
the disease has been shown by LeBoit et al.!°* who have 
demonstrated TCR f-gene rearrangement in three 
cases. 

It is only recently that so-called malignant angioen- 
dotheliomatosis has been shown to be an angiotropic 
lymphoma by immunophenotypic analysis. In addition, 
genotypic analysis has confirmed the previous immuno- 
histochemical findings that the cells may be of either B- 
or T-cell origin.'°°?!°° However, one of the cases!” 
showed both TCR £ gene and Ig heavy- and light-chain- 
gene rearrangements. An explanation for this is the 
presence of two separate clonal populations; one with Ig 
and the other with TCR rearrangement. However, other 
possible explanations include karyotype abnormalities, 
recombinase effects or a transformational event in a 
pluripotential stem cell not committed to the B or T cell 
lineage. Dual genotypes involving IgG heavy-chain gene 
and TCR $-gene rearrangements have been identified by 
Weiss et al.’? and Ralfkiaer et al.” in CTCL. A similar 
genotype has also been confirmed by Berger et al.!°’ in 
the erythrodermic skin lesions of four out of 13 patients 
with leukaemic cutaneous T-cell lymphoma. 

These findings show that antigen receptor analysis 
can be useful in assessing cell lineage. However, uncer- 
tainties can occur which indicate that it is not absolute 
in all cases and must be assessed with other information, 
such as immunophenotypic analysis. 


Clonality and malignancy 


An important issue raised by antigen receptor analysis is 
the relationship between clonality and malignancy. As 
monoclonality has become regarded as a sine qua non of 
malignancy, it is tempting to diagnose malignancy in 
lymphoproliferative disorders showing monoclonality. It 
is clear, however, that not all diseases with a monoclonal 
population are clinically progressive and, in reverse, 
proof of clonality can be elusive in some lymphomas, 108 
Benign monoclonal B-cell gammopathy when followed 
for long periods of time seldom progresses to myeloma. 
Also, clonal T-cell rearrangements have been found in 
over 50% of cases of T-y-lymphoproliferative disease, 19 
although in these patients overt malignancies have not 
been reported to develop. In addition, Weiss et al.%* 
identified TCR B-gene rearrangements from three cases 
of pityriasis lichenoides et acuta (Mucha~Habermann 
disease), including the demonstration of similar re- 
arrangements at different sites. There are several non- 
dermatological settings where antigen receptor re- 
arrangements can be encountered and a lymphoid 
monoclone can sometimes but not always develop into 
malignant lymphoma.!'!" These include post-transplant 
immunosuppression, congenital immunodeficiencies, 
acquired immunodeficiency syndrome and angioimmu- 
noblastic lymphadenopathy. Interestingly, both malig- 
nant B-cell lymphomas and EBV mitogenically stimu- 
lated B cells can display Ig rearrangements indicative of 
clonal expansion. However, removal of immunosuppres- 
sive therapy can also reverse the clonal growth. Patients 
on immunosuppressive therapy after organ transplan- 
tation are at an increased risk of developing Epstein-Barr 
virus (EBV)-associated B-cell lymphoproliferative dis- 
orders, some evolving into malignant lymphomas and 
others not. Unfortunately, to date, detailed molecular 
investigations into the possible role of EBV and cuta- 
neous lymphoproliferative disorders such as lymphoma- 
toid papulosis and PLEVA are not available. However, 
rising titres to EBV have been reported in lymphomatoid 
papulosis.!"! 

Mielka et al.''* have suggested that the term ‘benign 
cutaneous lymphoma’ should be applied to conditions 
such as pagetoid reticulosis which display TCR re- 
arrangements but are characterized by a benign biologi- 
cal course. This proposal is worthy of serious considera- 
tion as the strict definition of lymphoma is a neoplastic 
proliferation of lymphoid cells. It is only by common, and 
perhaps lapse, usage that the prefix malignant is now 
automatically implied. It is entirely conceival le. thats 
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liferative disorders could be placed under this heading; as 
could some cases of clonal] B-cell proliferation manifest- 
ing as lymphoid hyperplasia. In the final instance, 
however, it would appear likely that many cutaneous 
lymphoproliferative conditions could lie on a continuous 
spectrum of polyclonal and clonal reactive disorders, 
benign clonal lymphoma and finally malignant lym- 
phoma. This is analogous to the ulcerative colitis— 
carcinoma spectrum in the bowel and in the skin it is 
proposed that, after the initial cutaneous inflammatory 
stage, lymphoma evolves in a multistep sequence by a 
series of molecular and genetic events awaiting elucida- 
tion, 123 

TCR gene rearrangements may prove to be useful in 
the study of cutaneous inflammatory disorders. Just as 
dominant idiotypes of immunoglobulins are present in 
diseases such as rheumatoid disease, so dominant T-cell 
lines may play a role in inflammatory skin disorders. It is 
relevant, although in culture, that T cells from rheuma- 
toid synovium have shown TCR f-gene rearrange- 
ments.174 To date, however, with the exception of 
PLEVA, most studies have failed to show TCR gene 
rearrangements in cutaneous inflammatory disorders. 
An exception has been Bignon et al. who reported TCR 
B-gene rearrangement in six out of seven T-cell pseudo- 
lymphomas including Jessner’s lymphocytic infiltrate, 
actinic dermatitis, drug eruption and Lyme disease. In 
contrast, Griesser et al. found the presence of clonal 
rearrangements was a useful predictor of later frank 
malignancy in cutaneous T-cell rich pseudolympho- 
mas./+° In addition, it must be emphasized that polyclo- 
nal proliferation can behave aggressively, as shown by 
Eckert et al.'’” in their series of polyclonal follicular 
pseudolymphomas. 

Sufficient evidence is already available to seriously 
question whether the term lymphoma is justifiable for 
the early stages of mycosis fungoides, when clonal 
proliferation of T cells can rarely be demonstrated. Also, 
it is hoped that increased molecular information will 
gradually obviate the necessity to use the term ‘pseudo- 
lymphoma’ as a pathological diagnosis. Undoubtedly, 
some dermatologists may continue to defend the use of 
the term pseudolymphoma on the basis of being a 
clinically useful concept and that the histological 
appearance may mimic malignant lymphoma. How- 
ever, in the new molecular world, usage of the term has 
increasingly little scientific justification. The encompass- 
ing term ‘clonal dermatoses’ has recently been suggested 
for this new group of inflammatory and lymphomatous 
cutaneous disorders.*}4 


Molecular cytogenetics 


Many malignancies are associated with chromosomal 
rearrangements and in lymphold neoplasia, chromoso- 
mal translocation can relate to breakages in or near 
antigen-receptor genes. This induces the transcription of 
genes (cellular or proto-oncogenes) whose products 
have a major role in growth and the pathogenesis of 
neoplasia. For example, non-Hodgkin’s follicular lym- 
phoma is frequently characterized by a non-random t 
(14:18) chromosomal translocation!!® which results in 
the juxtaposition of a proto-oncogene, termed bc1-2 (B- 
cell leukaemia-lymphoma 2), on chromosome 18 with 
the Ig heavy-chain locus on chromosome 14. It is 
apparent that bc1-2 encodes a protein that is involved in 
follicular proliferation. The availability of DNA probes 
specific for bcl-2 and its flanking chromosomal seg- 
ments now permits a molecular cytogenetic analysis of 
this feature. 

To date, there have been few molecular cytogenetic 
studies of cutaneous lymphoproliferative disorders. 
However, Wood et al.?® have used PFL-1, 2 and 3 probes 
to analyse possible t (14:18) translocation in 14 patients 
with cutaneous B-cell lymphoid proliferations. Although 
five of their patients showed Ig light-and/or heavy- 
chain rearrangements, none showed t (14:18) translo- 
cation. As some nodal follicular lymphomas do not 
display the t (14:18) translocation, it remains difficult 
to draw conclusions regarding the origin of cutaneous 
B-cell lymphomas. However, its absence ralses the 
question as to whether some are of non-germinal centre 
origin and arise from other areas such as the mantel 
zone. Results of bc1-2 and bcl-1 analysis in cutaneous 
B-cell lymphoproliferative disorders are awalted with 
interest. 

Clonal chromosomal abnormalities are well described 
in cutaneous T-cell lymphoma but most appear random. 
No constant abnormalities have yet been described 
involving chromosome 7,112120 which carries the TCR £ 
gene. Also, preliminary studies of T-cell neoplasia have 
not shown any detectable structural alterations of 
chromosome 18 in the vicinity of bc1-2.178 

However, cellular oncogenes can be activated in 
alternative ways to chromosomal rearrangements 
including point mutations, gene amplification and gene 
expression. Also, the area of tumour suppressor gene/ 
anti-oncogene deletion remains tnadequately explored 
in cutaneous lymphomas. There can be little doubt that 
molecular technology is about to achieve a major 
breakthrough and elucidate cytogenetic abnormalities 


CUTANEOUS LYMPHOPROLIFERATIVE DISORDERS 319 


that will be used in the diagnosis, classification, staging 
and treatment of cutaneous lymphoma. 


Molecular virus integration and 
lymphoproliferative disorders 


Adult T cell leukaemia/lymphoma (ATLL) was the first 
human T cell malignancy to be definitively associated 
with a viral aetiology (HTLV) and classical cases are 
easily diagnosed by serological tests. However, there are 
several reports of atypical cutaneous cases being diag- 
nosed by the demonstration of proviral DNA integration 
by Southern blot analysis./2!:122 In addition, identical 
restriction patterns in digests provide an alternative 
method of demonstrating clonal proliferations asso- 
ciated with virus infection.‘?723 This has important 
pathogenetic implications as the finding implies virus 
integration prior to clonal proliferation. 

It has been suggested that retroviruses may have a 
pathogenetic role in MF and Sézary syndrome. Wantzin 
et al. found HTLV antibodies in 10 of 68 Danish patients 
with cutaneous T-cell lymphoma!?* and Ranki et al.}*° 
have also found cross-reacting antibodies to GAG pro- 
teins of HTLV-1 and HTLV-3 in patients with MF and the 
closely associated condition, large plaque parapsoriasis. 
The role of HTLV-1 has been further supported by the 
identification of clonally integrated proviral DNA in a 
case of MF with lymphadenopathy. !*° 

The possible role of herpes viruses in the pathogenesis 
of CTCL has been poorly investigated. However, Lee et 
al.12” reported that the skin of patients with MF con- 
tained the herpes simplex virus genome and the new 
human B-lymphotrophic virus (human herpes virus-6) 
has been isolated from a patient with an MF-like 
iliness./28 Until recently, EBV DNA has only been found 
in B lymphocytes. However, Jones et al.!*? have demon- 
strated the presence of clonally integrated EBV DNA in 
three patients with T-cell lymphomas, one of which was 
characterized by a generalized erythematous skin erup- 
tion and systemic spread. In addition, clonally integrated 
EBV DNA has been found in a substantial percentage of 
cases of Hodgkin’s disease.13°231 In view of the proposed 
relationship between Hodgkin's disease, lymphomatoid 
papulosis and MF,®’ urgent molecular viral studies are 
required in these diseases. A prediction that EBV could 
have a major role in the pathogenesis appears extremely 
reasonable. This proposal is also supported by the 
observation that EBV can cause CD25 and CD30 
activation-antigen expression and as already discussed, 
there are characteristic immunohistochemical findings 
in this group of disorders. Also, using immunoblot 


analysis, Lee et al.13? have found Epstein—Barr-associated 
nuclear antigen (EBNA) antibodies in all 21 patients 
with plaque/tumour stage MF compared to only 12 
control psoriatic patients. 

It is now generally accepted that lethal midline 
granuloma and lymphomatoid granulomatosis are stmi- 
lar angiocentric T-cell lymphomas. Accordingly, the 
study by Harabuchi et al. into EBV and nasal T-cell 
lymphomas requires repeating with other cutaneous 
angiocentric T-cell lymphomas. Harabuchi found that 
although the EBV receptor antigen was absent, all cases 
tended to express the EBNA2 gene and late membrane 
protein gene, both of which are believed to be responsible 
for the oncogenic function of EBV. 


The future and conclusions 


The technique which, more than any other, will 
influence the immediate future of dermatopathology is 
the polymerase chain reaction (PCR).+*4 Using PCR, a 
minute amount (1 yg) of a segment of DNA or RNA (after 
converting to cDNA via reverse transcriptase) can be 
amplified more than a millionfold in only a few hours 
using an automated procedure. Significantly, the tech- 
nique can be used on formalin-fixed paraffin-embedded 
tissue and this will permit a fascinating retrospective 
analysis of archival dermatopathological material. 

There is evidence that PCR will be applied for detecting 
B- and T-cell clonality?:13° and it has already been used 
to identify proviral HTLV-1 integration during both the 
indolent cutaneous and lymphomatous stage of HTLV-1 
infection.!*” A rapid increase in information regarding 
retrovirus and herpes virus Infection in cutaneous 
lymphoma must be envisaged. The ability to amplify 
chromosomal translocations, such as t (14:18), is 
enabling sensitive diagnostic tests to be developed and 
PCR with allele specific oligonucleotide (ASO) hybridiza- 
tion can demonstrate point mutations, some of which 
may be associated with oncogene activation. 

It should not be forgotten that the skin is hetero- 
geneous with regard to cells and the localization of DNA 
and RNA sequences to specific cells remains essential. 
This can be achieved by in situ hybridization using either 
radioactive or non-radioactive probes and important 
areas will include the intracellular localization of viral 
nucleic acids, cytokine messenger RNA and immuno- 
globulin RNA for clonality.148 

Finally, some clinical dermatologists reading this 
review could be disheartened, especially if they have no 
access to these new techniques. They can be reassured, 
however, that during the coming period of molecular 
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dermatopathology data collection, classical diagnostic 
gold standards must remain unaltered: namely a com- 
bined clinicopathological diagnosis based on clinical 
features and interpretation of the skin biopsy by light 
microscopy. At the moment, the results from these new 
investigative techniques should be regarded as a means 
of modulating and advancing current views and con- 
cepts. We must accept, however, that the era of the 
molecular dermatopathologist is already here and that 
by the year 2000 molecular dermatopathological] diag- 
nosis and classifications will be standard usage. 
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Summary 


The role of substance P (SP) in allergic reactions of the skin was investigated. Spantide, a competitive 


inhibitor of SP, was injected intracutaneously into the volar aspect of the forearm prior to the 
following challenges: benzalkonium chloride (irritant delayed reaction), tuberculin (immunological 
delayed reaction), UVB irradiation, benzoic acid (non-immunological contact urticaria), different food 
allergens and latex (in patients with immunological contact urticaria). Only the immunological 
reactions of contact urticaria and the reaction to tuberculin were suppressed by the SP antagonist, 
indicating that SP is involved in their pathogenesis. 


Substance P (SP) is an important inflammatory mediator 
in the skin? that is localized in peripheral sensory nerve 
endings. It coexists with another tachykinin, neurokinin 
A (NKA),? and with calcitonin gene-related peptide 
(CGRP). 

Increased local concentrations of SP were found in 
tissue fluid from spontaneous and suction-induced blis- 
ters in inflamed skin. High levels were also found in 
eczema and pemphigoid,* two immunologically different 
diseases. When injected intradermally SP Induces a 
‘triple response’ with local erythema, a rapidly spreading 
flare and a slowly developing weal.” The flare response to 
SP is greatly inhibited by antihistamines,’ local anaes- 
thetics®’” and partly by drugs that inhibit the synthests of 
prostaglandins.® SP is known to release histamine from 
mast cells.® 

There is increasing evidence that the nervous system 
can modulate immune responses. Nerve endings occur 
in the vicinity of various structures of the immune 
system.? Lymphoid cells have receptors for SP!° and SP 
enhances the proliferation of T lymphocytes!*? and 
increases the synthesis of the immunoglobulins IgA and 
JgM. 12714 

In a previous study we described the suppression of 
allergic contact dermatitis after pretreatment with a 
competitive inhibitor (Spantide) of SP.*° The aim of the 
present study was to investigate whether SP can modu- 
late delayed and immediate inflammatory reactions in 
man. The SP antagonist, Spantide, was used to examine 
the role of SP in these reactions. 
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Methods 


The study involved 23 subjects, 16 healthy volunteers 
(10 females, age range 17-50 years, mean age 34+ 11 
years) and seven patients with contact urticaria (six 
females, mean age 27+9, three atopics) (Table 1). 
Informed consent was obtained in all cases. 

In order to explore the properties of Spantide,?® SP (50 
pmol) and histamine (50 nmol) were injected intracuta- 
neously (t.c.) 75-90 min after a preinjection of Spantide 
in six subjects. Spantide (800 pmol, 0-05 ml) was 
injected i.c. on the volar side of one forearm and 
physiological saline (0-05 ml) on the other forearm. The 
choice of right or left arm for the injection of Spantide 
was random. The flare reaction to i.c. SP and histamine 
was recorded after 5 min and the weal after 15 min, 
when maximal. 

The following experiments were performed on the 16 
healthy volunteers 10 min after the injection of Spantide 
if not otherwise stated. In eight subjects physiological 
saline solution was used on the control forearm and in 
the other eight there was no pretreatment on the control 
side. 


Irritant delayed reaction 


Benzalkonium chloride 1% in water solution was applied 
to the skin of the pretreated sites by using Finn 
chambers® on Scanpor®. The compound was applied for 
48 hand the reaction was examined after a further 24 h. 
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Table 1. Details of patients with contact 


urticaria Case Age 

no (years) 
21 

2 31 

3 19 

4 22 

5 46 

6 29 

7 23 


Immunological delayed reaction: tuberculin reaction 


The pretreated sites were injected i.c. with 0-1 ml of 2 TU 
PPD (Statens Serum Institut, Copenhagen, Denmark). 
The response area was estimated after 72 h. 


Ultraviolet evoked reaction 


Erythema was induced on the pretreated skin area using 
ultraviolet light from a 150 W xenon arc lamp (Osram 
XBO) giving a high output of UVB. The exposure time 
was 16-285 s corresponding to about 2-4 MED (minimal 
erythema dose). The inflammatory response was evalu- 
ated after 24 h. 


Non-immunological contact urticaria (NICU) 


Benzoic acid, 5%, dissolved in petrolatum was applied to 
the skin by Finn chambers® or Scanpor® for 45 min. The 
urticarial reaction was registered immediately after 
removal of the chambers. In nine subjects benzoic acid 
was applied 10 min after pretreatment with Spantide or 
physiological saline and in the other seven, applied 75 
min after the pretreatment. 


Immunological contact urticaria 


The following tests were performed on the non-diseased 
skin on the volar aspect of the forearm of the patients 
with contact urticaria. Seven patients were tested with 
the following agents (Table 1): Patient 1, tomato and 
beef; Patient 2, tomato, kiwi fruit and shrimp; Patient 3, 
shrimp, fish, flour, egg white and yolk; Patient 4, flour; 
Patient 5, latex; Patient 6, shrimp; Patient 7, tomato. 
Seventy-five minutes after injection with Spantide or 


Agents producing 

Sex contact urticarta Comments 

M Tomato, beef 

F Tomato, kiwi fruit, shmmp Allergic positive patch test 
to nickel sulphate, balsam 
of Peru, fragrance mix 

F Shrimp, fish, flour, History of atopic dermattis 

egg white and yolk 

F Flour History of atopic dermatitis 

F Latex , 

F Shrimp History of atopic dermatitis 

F Tomato 


physiological saline the 1 cm? skin area was scratched 
with a blood lancet and the pieces of fresh food, fruits and 
latex glove were applied by van der Bend square 
chambers® for 20 min. Evaluation was made 5-15 min 
after removal of the chambers. 


Evaluation 


The flare and weal responses to SP and histamine were 
evaluated planimetrically.’ A score system was used for 
the reactions to UVB and benzalkonium chloride which 
were evaluated as follows: 1, erythema; 2, erythema and 
infiltration; 3, erythema and strong infiltration; 4, 
erythema, strong infiltration and vesicles. The infiltrated 
responses to tuberculin, benzoic acid and immunological 
contact urticaria were scored as follows with regard to 
the mean of two angle diameters: 1, <1 cm; 2, < 1:5 cm; 
3, <2:5 cm; 4, >2°5 cm. 

The Wilcoxon signed-rank test and Wilcoxon rank- 
sum test were used for statistical analysis. 


Results 
Properties of Spantide 


Spantide induced a triple response and itch. The itch 
subsided after a few minutes and the flare and weal 
reactions disappeared after 75-90 min. The results 
are presented as a comparison of the median of the area 
from six subjects. Spantide inhibited the flare of sub- 
stance P to 23% (P=0-:025) and weal to 42% of the 
controls (P=0-:025). The flare reaction to histamine 
after the preinjection of Spantide was reduced to 73% 
(P=0:025) (Fig. 1) and the weal was unaffected 
(P>0-05) (Fig. 2). 
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Figure 1. The flare reaction to i.c. injection of (A) SP (50 pmol) and (B) 
histamine (50 nmol) after 1c. pretreatment with saline (O) and 
Spantide (800 pmol) (£). The boxes express half of all responses, the 
vertical lines represent the range of the data and the horizontal lines 
show the median values. 


A B 


Figure 2. The weal reaction to Lc. injection of (A) SP (50 pmol) and (B) 
histamine (50 nmol) after 1.c. pretreatment with saline (O) and 
Spantide (800 pmol) (&). The boxes express half of all responses, the 
vertical liries represent the range of the data and the horizontal hnes 
show the median values. 


The results from the experiments on the influence of 
Spantide on {inflammation arising from challenge with 
different agents are presented in Table 2 and Figure 3. 


Non-immunological contact urticaria (NICU, benzoic acid) 


The first nine subjects to be tested were challenged with 
benzoic acid 10 min after the injection of Spantide. The 
flare and weal caused by Spantide was still present and 
this made evaluation of NICU impossible. These results 
were consequently excluded from thé study. The 
remaining seven patients were challenged with benzoic 
acid 75-90 min after the injection of Spantide or 





UVB Benzoc acid Conf urticord 


Tuberculin Benzalk 


Figure 3. Response to challenges: The vertical axis shows the median of 
the differences In the score between the forearm pretreated with 
Spantide and the control forearm. The boxes reveal the confidence 
interval (95%). 


Table 2. The differences in the responses (score) to different challenges 
between the site pretreated with Spantide and the site pretreated with 
physiological saline solution 


Benzalkonium Benzolc Contact 

No. Tuberculin chlonde UVB acid urticaria 

] —~ J 3 0 — 0 

2 — 2 -1 Neg — 0 

3 -— | 0 0 — 0 

4 Neg s2 0 a a3 

5 J 0 0 — — 2 

6 —2 —] 0 — —2 

7 —2 2 Neg — —3 

8 Neg NT 0 —3 

9 ~ 1 4 0 — —3 
10 — 3 O —0-5 0 0 
il — 3 0 —1°5 0 ~2:°5 
12 ua 0 —05 0 Neg 
13 =3 0 =i 0 Neg 
14 Neg 0 0 0 Neg 
15 — 3 0 0 0 
16 — 2 0 0 Neg 


NT, not tested; Neg, no response; —, excluded. 


physiological saline. One subject did not respond and the 
others showed the same reactions on both sites. 


Immunological contact urticaria 


Two subjects were excluded as they did not respond to 
the allergens (tomato and beef}. The patients who 
responded to Spantide had a history of atopic disease. 


UVB-evoked erythema 
This was unaffected by pretreatment with Spantide. 
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Delayed reactions 


Spantide suppressed the immunological reactions (Fig. 
3). The immunological reaction (tuberculin) was signifi- 
cantly inhibited (P=0-001) when compared with the 
non-immunological reaction (benzalkonium chloride) 
using the Wilcoxon signed-rank test (Fig. 3). 


Immediate reactions 


The immunological reaction (contact urticaria) was 
significantly inhibited (P=0-035) compared with the 
non-immunological reaction (NICU) using the Wilcoxon 
rank-sum test (Fig. 3). 

There were no differences between the control group 
without pretreatment and the control group with pre- 
treatment using physiological saline. 


Discussion 


The aim of this study was to investigate whether 
substance P (SP) can modulate immediate and delayed 
reactions in human skin of immunological and non- 
immunological origin. The study shows that only the 
immunological reactions (immunological contact urti- 
caria and tuberculin reaction) were suppressed by the SP 
antagonist Spantide, indicating either that SP partici- 
pates in these reactions or that Spantide possesses 
inhibitory immunological properties. 

When injected intradermally. SP induces mast-cell 
degranulation and stimulates sensory nerves to release 
SP, NKA and CGRP.’ NKA and histamine induce 
vasodilatation and increased permeability which gives 
flare and weal. The flare of SP and NKA but not that of 
CGRP is inhibited by antihistamines.’ The weal response 
of SP is not inhibited by pretreatment with antihista- 
mines, the histamine liberator compound 48/80, local 
anaesthetics, inhibitors of prostaglandin synthesis, 5- 
HT-antagonist or atropine (unpublished data). 

Our study showed that Spantide partially inhibited 
(73%) the flare caused by histamine and left the weal 
unchanged while it suppressed the flare caused by SP to 
23% and the weal to 42% of the controls. This indicates 
that Spantide directly inhibits the response to SP and toa 
lesser degree by inhibiting histamine release. 

Non-immunological contact urticaria (NICU) is due to 
the release of vasoactive substances that do not involve 
immunological processes.'’ Oral antihistamine therapy 
and pretreatment with compound 48/80 do not 
influence NICU (unpublished data). Local anaesthesia 
with lignocaine decreases NICU,'’ indicating involve- 
ment of sensory nerves. In allergic contact urticaria 


specific IgE has been found,!'*!? indicating that an 
antibody—antigen response is involved. IgG and IgM may 
also contribute by activation through the classical 
pathway of the complement cascade.'* The synthesis of 
IgA and IgM has been found to be increased by SP.)7"'* 
In humans allergic to rats the flare and itch but not the 
weal have been suppressed by pretreatment with 
repeated applications of capsaicin’? which releases 
neuropeptides from sensory nerves. Both types of contact 
urticaria seem to involve nerve fibres. However, in our 
study only the immunological contact urticaria was 
suppressed by pretreatment with Spantide, suggesting 
that SP is involved in the pathogenesis of the immediate 
allergic reaction. 

Irritant delayed reactions were unaffected by pretreat- 
ment with Spantide and only the tuberculin reaction 
was suppressed. This is consistent with the results of a 
previous study of nickel allergy!” which also represents a 
T lymphocyte-mediated type IV reaction. Pretreatment 
with Spantide suppressed the symptoms of contact 
urticaria in atopic patients. SP may play a role in both 
immediate and delayed reactions. 
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Summary 


Suction has been used to investigate cell adhesion in clinically normal skin in Hailey—Hatley disease. 


We have demonstrated that there is a widespread subclinical abnormality in keratinocyte adhesion in 
this disease. There may be a synthesis of functionally deficient adhesion junctions, increased 
breakdown of adhesion junctions or abnormalities in other adhesion proteins in the epidermis in 
Hailey—Hailey disease. The findings contrast with those in Darier’s disease tn which abnormal cell 
adhesion was only demonstrable in clinically involved skin. 


Hailey—Hailey disease (benign familial chronic pemphi- 
gus) is a dominantly inherited disorder characterized by 
the development of flexural erosions, blisters and warty 
papules.’ The disease has a fluctuating course, but in 
most patients remains localized to the neck, axillae and 
groins. Typical histological features include suprabasal 
epidermal cell separation (acantholysis) with the 
formation of vesicles or bullae and a characteristic 
dyskeratosis.? Ultrastructural studies have demon- 
strated breakdown of the complexes between desmo- 
somes and the keratinocyte tonofilaments.*+ 

Lesions are induced or exacerbated by friction and 
sweating and although the uninvolved skin is clinically 
and microscopically normal, there must be a subclinical 
abnormality that predisposes to the development of 
erosions and vesiculation. Sellotape stripping, friction, 
freezing and irritants induce acantholysis in clinically 
normal skin in patients with Hailey—Hailey disease,’ but 
because these also cause both inflammation and damage 
to keratinocytes, the pathogenesis of the acantholysis is 
uncertain. Suction places the cell junctions under 
tension without damaging the keratinocytes or causing 
inflammation®’ and in normal individuals suction 
blisters are formed by cleavage through the dermo- 
epidermal junction. The suction technique is painless, 
reproducible and easy to perform. Suction blisters in 
pemphigus vulgaris, an immunologically mediated 
acantholytic disease have established there was abnor- 
mal epidermal cell adhesion in the clinically normal 
skin, whereas in the inherited dermatosis, Darier’s 


Correspondence. Dr S M.Burge, Department of Dermatology, Slade 
Hospital, Oxford OX3 7JH, U.K. 


_ disease, abnormal cell adhesion was only demonstrable 


in the involved skin.? 

Hatley—Hailey disease has many clinical and patho- 
logical similarities to Darier’s disease and occasionally 
the diseases are difficult to differentiate.!° The coexis- 
tence of the conditions has been reported. The aims of 
this study were to investigate the effect of suction on the 
epidermis in Hailey—Hatley disease and to establish 
whether suction could be used to differentiate Hailey- 
Hailey disease from Darier’s disease. 


Methods 
Patients 


Approval was obtained from the Central Oxford 
Research Ethical Committee and informed consent was 
obtained from the patients. Three unrelated adult males 
with Hailey~Hailey disease were investigated. The 
patients, aged 40, 53 and 54 years, had family histories 
of Hailey-Hailey disease and clinically typical disease 
involving the neck, axilla and groins. The diagnosis had 
been confirmed histologically. Two patients used topical 
corticosteroids only on affected skin and the third 
patient, with very mild disease, was not on any treat- 
ment. 


Suction blisters 


Perspex suction cups, with diaphragms perforated by 
five 6-mm holes, were placed on the flexor surface of 
clinically normal forearm skin. This skin had never been 
affected by the disease. Blisters were raised as described 
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in previous studies.” * The pressure within the cups was 
maintained at 200 mmHg below atmospheric pressure 
using an Eschmann VP 50 suction unit (Eschmann Bros 
and Walsh Ltd, Lancing, W. Sussex, U.K.). As soon as a 
blister formed, the experiment was terminated. Suction 
was discontinued and punch biopsies were taken under 
local anaesthesia. Biopsies were fixed in either 10% 
formalin or 4% glutaraldehyde and processed for light or 
electron microscopy, respectively. 


Results 
The time to blister formation was approximately 120 


min. 


Light microscopy 


The epidermis adjacent to the area of blister formation 
was histologically normal. Areas of subepidermal blister 
formation were present in each biopsy, but there was 
also marked intraepidermal keratinocyte separation and 
the blisters contained acantholytic cells (Fig. 1). There 
was no inflammation in the epidermis or the dermis. 





Electron microscopy 


There was widening of the intercellular spaces between 
suprabasal cells and this was associated with stretching 
and fragmentation of desmosomes (Fig. 2). Cell mem- 
branes were intact and there was no reduction in 
desmosome numbers. Keratin intermediate filaments 
were evident, often encircling the nucleus. There was 
some vacuolization of the nucleus and cytoplasm. 


Discussion 


We have used a suction blister technique to investigate 
keratinocyte adhesion in the clinically normal forearm 
skin of patients with Hailey—Hailey disease. Suction 
caused breakdown of adhesions between the keratino- 
cytes with vesiculation and acantholysis. 

Burns, irritant dermatitis, allergic contact dermatitis 
and local infection also cause acantholysis in Hailey- 
Hailey disease,’ but in these conditions there is damage 
to the keratinocytes and inflammation. Suction places 
the cell junctions under tension without damaging the 
keratinocytes or causing inflammation. Normal skin, 


Figure 1. (a) Subepidermal and 
intraepidermal cleavage in a biopsy from a 
suction blister on the uninvolved forearm 
skin of a patient with Hailey—Hailey disease. 
Intraepidermal separation gives the epidermis 
the ‘dilapidated brick wall’ appearance which 
is characteristic of Hailey—Hailey disease. 
There is no inflammatory response in the 
dermis. (Haematoxylin and eosin, x 116). 

(b) Higher magnification of part of the 
epidermis showing loss of adhesion between 
suprabasal keratinocytes in addition to basal 
keratinocyte separation from the basement 
membrane zone. There is also vacuolization 
within the cytoplasm of the keratinocytes. 
(Haematoxylin and eosin, x 476). 


Figure 2. Low-power electron micrograph 
showing rupture of the demosomes between 
adjacent cells and perinuclear vacuolization 
of the cytoplasm of a keratinocyte in a 
suction blister on the uninvolved forearm 
skin of a patient with Hailey—Hailey disease 
(x 2310), 


when subjected to suction, splits through the lamina 
lucida to form a subepidermal blister. The blister roof is 
formed by the intact epidermis and there is no inflamma- 
tion or autolysis.°’ Ultrastructural studies of suction 
blisters have confirmed that there is minimal damage to 
the keratinocytes in the detached epidermis. The desmo- 
somes, cell membranes and the keratin intermediate 
filaments appear intact and there is little widening of the 
intercellular spaces."” 

The sequence of events leading to acantholysis in 
Hailey—Hailey disease is uncertain. Ultrastructural 
studies have demonstrated dissolution of desmosome- 
keratin filament complexes, clumping of keratin fila- 
ments and alterations in the plasma membrane of 
keratinocytes.2* Our results have demonstrated that 
there is a widespread intrinsic weakness in suprabasal 
keratinocyte adhesion which may be revealed by suc- 
tion. 

In Darier’s disease, unlike Hailey—Hailey disease, 
suction did not show intraepidermal weakness either in 
distant clinically normal skin or in uninvolved skin 
adjacent to foci of disease.’ Therefore the suction 
technique may be a useful investigative tool when it is 
not possible to differentiate the diseases solely on the 
basis of clinical or histological criteria. 

Keratinocyte adhesion is dependent on the presence of 
specialized junctions, adherens-type junctions'*:'* and 
desmosomes,!? at interfaces between cells as well as the 
presence of adhesion molecules such as the calcium- 
dependent family of glycoproteins, the cadherins.'* The 
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junctions interact with and anchor specific cytoskeletal 
filaments. Actin microfilaments insert into the adherens- 


type junctions,'’ which are enriched with vinculin, 


while keratin intermediate filaments insert into the 
cytoplasmic plaques of desmosomes,'*’ which contain 
specific desmosomal proteins and glycoproteins. Fric- 
tion, sweating and infection precipitate acantholytic 
lesions in patients with Hailey—Hailey disease’ but it is 
not known what predisposes to this breakdown in 
epidermal cell adhesion. Desmosomes appear normal in 
intact epidermis and immunocytological studies have 
not revealed any deficiency in the major desmosomal! 
proteins or glycoproteins, '*:'® but there may be synthesis 
of functionally deficient desmosomes. Alternatively 
there may be abnormalities in adherens-type junc- 
tions,'® adhesion molecules such as cadherin-E or the 
structure and function of the cytoskeleton. 

The control of cell attachment is incompletely under- 
stood, but activators of proteolysis co-localize on the cell 
surface with proteins such as vinculin which mediate 
adhesion.'’ There is variation in the sensitivity of 
desmosomes to splitting agents. Desmosomes formed by 
basal cells are preferentially split by plasmin'*'’ and 
plasminogen activation has been implicated in the 
pathogenesis of acantholysis in pemphigus.'’" In nor- 
mal skin plasminogen is expressed in association with 
basal cells?!?? but in skin affected by Hailey—Hailey 
disease, plasminogen is also detected in acantholytic 
suprabasal cells (S.M.Burge, unpublished observations). 
The acantholytic cells derived from explant cultures of 
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skin from patients with Hailey~Hailey disease express 
both plasminogen and the plasminogen activator uroki- 
nase (S.M.Burge, unpublished observations). Activation 
of plasminogen with breakdown of cell attachments may 
contribute to acantholysis in Hailey—Hailey disease. 
Lesions develop predominantly at sites of friction and we 
have demonstrated that the keratinocyte adhesions in 
clinically normal skin are unable to withstand suction. 
The biochemical consequences of mechanical forces are 
frequently ignored but have been reviewed by Ryan.”° 
Distortion or stretch normally stimulate tight adhesion 
by inhibiting proteases. It is possible in Hailey—Hailey 
disease that a failure in these mechanisms results in lysis 
of the fibrils of the cytoskeleton or membrane attach- 
ments when the skin is under tension. 

In conclusion, we have demonstrated that there is a 
widespread intrinsic weakness in keratinocyte adhesion 
in Hailey—Hailey disease. The presence of intraepidermal 
cleavage in suction blisters induced on clinically normal 
skin may differentiate patients with Hailey—Hailey 
disease from those with bullous Darter’s disease. 
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Increase of lipid fluidity and suppression of proliferation 
resulting from liposome uptake by human 
keratinocytes in vitro 


Summary 
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The in vitro effects of liposomes on HaCaT human keratinocytes were studied with regard to their 
uptake, lipid fluidity and proliferation of the cells. Oligolamellar liposomes, prepared from soya bean 
phospholipids, had a mean size of 150 nm and consisted predominantly of phosphatidylcholine (83%) 
and phosphatidylethanolamine (10%) and the fatty acids comprised mainly linoleic acid (66%) or 
other unsaturated fatty acids. After 6 and 24 h of incubation with 1 and 0-1% w/v of liposomal lipids, 
phase-contrast microscopy revealed marked cytoplasmic vacuolization of the cells. Keratinocytes 
treated with the liposomes contained aggregations of multilaminated lipid material without 
delimiting cell membranes. The cellular lipid fluidity (reciprocal of diphenylhexatriene fluorescence 
polarization P-value) correlated with liposomal concentration and incubation time. A significant 
elevation of lipid fluidity (P<0-05) was observed with 1 and 0-1% liposomes after 1 h of incubation 
(81-8447 and 95:7 +1:2% of control P value) and for 0-01% liposomes after 3 h (96:241°5%). 
Maximum fluidity occurred after 48 h of exposure to 1% liposomes (42-1+43-1%). Exposure to 
liposomal lipids for 24 and 48 h resulted in suppressed cell proliferation with 50% inhibition 
concentrations (ICsq), being 0-06% for incorporation of [*H]-thymidine, 0-08% for ['*C]-amino-acid 
incorporation and > 1% for protein content per well after 24 h of exposure. The cells were able to 
proliferate and lipid fluidity returned to normal within 7 days following discontinuation of incubation 


with liposomal lipids. 


There is interest in the use of liposomes in topical 
cutaneous therapy.+? Liposomes are globular microvesi- 
cles that consist of concentric amphiphilic lipid bilayers 
separated by hydrophilic compartments.’ The liposomes 
are able to act as drug carriers and penetration 
enhancers through the fluidization of stratum corneum 
lipids as well as to localize drugs and prevent systemic 
resorption.!?-+ It is uncertain as to whether liposomes 
are able to penetrate through the barrier of the horny 
layer as intact vesicles to epidermal cells.” Substantial 
permeation of lecithin through the epidermis from 
topically applied liposomes was recently found to require 
a time of 5 h.8 However, under certain circumstances 
topically applied liposomes may be able to come into 
direct contact with keratinocytes in the deeper part of 
the epidermis where there is a defective or incomplete 
stratum corneum, as in superficial wounds, some derma- 
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toses and on mucocutaneous surfaces. We have studied 
as a model for direct cell targeting the effect of liposomal 
preparations on cultured human keratinocytes. 


Methods 


Liposomes 


Natipide 08010A as a dispersion of 10% (w/v) liposomal 
soya bean phospholipids in 154 mm aqueous NaCl was 
supplied by A. Nattermann and Cie GmbH, Group 
Rhéne—Poulenc, Cologne, Germany. The lipids consisted 
of 79-86% phosphatidylcholine, 10% phosphatidyleth- 
anolamine and 4% lysolecithin. The fatty acids com- 
prised mainly the unsaturated linoleic acid (C18:2) 
(61-71%) with 10-15% palmitic acid (C16), 6-13% 
oleic acid (C18:1), 4-7% linolenic acid (C18:3), and 
2—4% stearic acid (C18). The oligolamellar liposomes 
averaged 150+30 nm, as determined by the laser 
scattering technique, and were stored at — 15°C.? Some 
experiments were performed with preparations of 
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Natipide O8010A which had been supplemented with 
0-2% liposomal Na-fluorescein (Merck, 61 Darmstadt, 
Germany). For tucubation with keratinocytes the liposo- 
mal solutions were added to the complete culture 
medium, including serum which was subsequently 
filtered through 0-45-ym pores (Schleicher & Schull, 
FP030/2, 3354 Dassel, Germany) giving final concen- 
trations of liposomal lipid of 1-0, 0:5, 0-25, 0-1 and 
0:01% (w/v). 


Cell culture 


HaCaT cells, an aneuploid human keratinocyte cell line 
with normal keratinization established from normal 
human adult skin,!° were grown in Dulbecco’s modified 
Eagle's medium (DMEM) containing 1% antibiotic- 
antimycotic solution (Gibco Cat. No. 043-5240H), 4 
mM L-glutamine (Gibco Cat. No. 043-5030H) and 10% 
fetal calf serum (FCS, Gibco Cat. No. 011-6290H). The 
humidified atmosphere was kept at 10% COQ2 and 37°C. 

For growth assay cells were seeded at a density of 
4x 10t cells per 1-8 cm? area (plastic 24-well dishes, 
Greiner). Two days after plating subconfluent cultures 
were incubated with 1:0, 0:5, 0:25, 0-1 and 0:01% 
liposomes for 24 and 48 h and prepared for measure- 
ment. In another set of experiments 1 x 10* cells were 
plated per dish, exposed to 0-1% liposomes during day 2 
and 3 and subsequently grown in standard medium 
until day 14. Parallel experiments were performed in 
order to determine the number of attached cells by 
means of a Neubauer haemocytometer and their viabi- 
lity by trypan blue exclusion test."? 

Cellular lipid fluidity was studied in cultures which 
had been grown to confluence in 75-cm? flasks (Falcon). 
The confluent cultures were incubated with 1-0, 0-1 and 
0-01% liposomes for 1, 3, 6, 12, 24 and 48 h and 
processed for lipid fluidity measurement. Some cultures 
were subjected to an 11-day observation period under 
standard conditions after an initial exposure to 0:1% 
liposomes for 2 days. All experiments included controls 
incubated with physiological saline (154 mm aqueous 
NaCl) added in appropriate concentrations to the culture 
medium. 


Microscopy 


Phase-contrast microscopy (Olympus IMT-2) was used 
for the routine monitoring of cultures. Experiments 
employing 0:1% liposomes loaded with fluorescein were 
performed on HaCaT cells which had been cultured in 
RPMI 1640 without phenol red (Gibco Cat. No. 041- 
0240411) including ECS, antibiotics and antimycotic as 


well as L-glutamine (5% CO2). This procedure was 
chosen in order to rule out strong fluorescence in the 
background. For fluorescence microscopy (Leitz Dialux 
20 EB, [2/3 filter combination) cells were grown on glass 
cover slips which then were reverse-mounted on a glass 
slide. 

For electron microscopy (EM10, Zeiss) confluent 
HaCaT cells in plastic dishes (3-5 cm in diameter) were 
treated with liposomes, fixed with 3% glutaraldehyde, 
with and without 1% tannin (Merck, Cat. No. 773), 
dehydrated in rising concentrations of ethanol and 
embedded in Durcupan ACM (Fluka, CH-Basel). 
Ultrathin sections were stained with uranyl acetate and 
lead citrate. 


Cellular uptake of [7H]-thymidine and ['4C]-amino acid 


After incubation with liposomes cultures were pulse 
labelled (2 h) simultaneously with 1 pCi methyl-[H]- 
thymidine (specific activity 77-9 Ci/mmol; NEN DuPont, 
638 Bad Homburg, Germany, NET-0272Z) and 0-5 uCi 
[}4C]-amino acids (mixture of 15 different amino acids, 
specific activity 1-85 GBg/milligramatom of carbon; 
Amersham, 33 Braunschweig, Germany, CFB.104) per 
ml DMEM and culture well. Attached cells were exposed 
to 0:05% trypsin/O:02% EDTA (Gibco Cat. No. 043- 
5300M) at 37°C for 45 min. After precipitation by ice- 
cold 5% trichloroacetic acid the cells were harvested for 
the Rackbeta scintillation counter (LKB, two channel 
mode). The incorporation of [?H]-thymidine and [14C]- 
amino acids served as measures for the DNA and protein 
synthesis of the cultures. 


Measurement of cellular protein 


Protein content of attached cells was measured by a 
modified Bradford method as reported previously.'?:!4 In 
brief, the cultures were rinsed twice in methanol, then 
0:5 N NaOH was added and the wells were gently 
agitated at room temperature for 16 h. The probes were 
treated with BioRad reagent (Cat. No. 500-0006) and 
measured in a calculator-equipped photometer at 595 
nm using bovine serum albumin as standard. 


Fluorescence polarization of 1,6-diphenyl-1,3,5-hexatriene 
(DPH) 


The culture supernatant was discarded and the cells 
were rinsed with phosphate-buffered saline (PBS). After 
trypsinization the cell suspension was washed three 
times by centrifugation at 80 g for 10 min, diluted toa 
concentration of 2 x 106 cells/ml PBS and incubated 


LIPOSOMAL INFLUENCES ON CULTURED KERATINOCYTES 335 


with an equal volume of a 2 um microdispersion of 
lipophilic DPH fluorophore (Fluka, CH-Buchs, Cat. No. 
43050) in PBS for 60 min at 37°C.1>-!” After centrifuga- 
tion the DPH-labelled cells were resuspended in PBS 
while the extinction (450 nm?8) of the cell suspension 
was adjusted to 0:55 in order to keep the depolarizing 
stray-light effect constant.’ This is known to correlate 
positively with the cell denstty.1® The degree of fluores- 
cence polarization, the P-value, was measured in a 
microviscosimeter MV-la (Elscint Company, Haifa, 
Israel) at 25°C. The P-value is defined as P = (Ipa — Ipe)/ 
(Iba +e) with fluorescence intensities (I) which are 
detected in parallel (pa) or perpendicular (pe) orientation 
to the electric vector of the excitation light. Lipid fluidity 
is known to correlate negatively with the P-value, 
reaching an upper limit of 0-5 in case of extreme 
rigidity.4°1749 Por the determination of the fluidity of 
pure liposomes, they were diluted with the 2 um DPH 
microdispersion until an extinction of 0:55 was 
acheived (450 nm). After the liposomal suspension had 
been incubated at 37°C for 60 min its P-value was 
measured at 25°C. 


Statistical analysts 


Each treatment comprised at least six cultures. Statistical 
comparisons were performed using the Mann-Whitney 
U-test.2° Multiple comparisons required Bonferroni’s 
adjustment.?! The overall level of significance was set to 
P<0:05. 


Results 
Morphology 


After incubation with liposomal lipids, phase-contrast 
microscopy showed cyclic and polycyclic homogeneous 
cytoplasmic vacuoles, mostly close to the nuclei (Fig. 1). 
Rinsing the cultures with methanol did not remove these 
structures, which ruled out lipid droplets adhering to the 
outer cell surface. The number and size of the vacuoles 
correlated directly with the concentration of liposomes 
and the time of tncubation. Cytoplasmic vacuolization 
was marked after incubation with 1:0 and 0-1% lipo- 
somes for 6 and 24 h, respectively, and was scarcely 
detectable with 0-01% liposomes even after 48h of 
incubation. In contro] cultures vacuolizations were 
extremely rare. Incubation with fluorescein-labelled 
liposomes led to a homogeneous fluorescence inside the 
multiple cyclic cytoplasmic structures (Fig. 2). When 
incubation was started at a subconfluence, incubation 


with >0:25% liposomes for 48 h resulted in a reduction 
of the density of attached cells and an increase of the cell 
size compared to the control (Fig. 1). However, signs of 
direct cytotoxicity such as cell detachment or deforma- 
tion were not seen during the 48-h liposomal treatment. 

Ultrastructurally, clusters of ‘empty’ vacuoles sur- 
rounding the nuclei were typically seen after incubation 
with 1% liposomes for 24 h. Tannin impregnation 
revealed single oligolamellar bodies as well as huge 
multilamellar aggregrates inside the cytoplasm which 
were absent in the controls (Fig. 3). 


Alterations in lipid fluidity 


The degree of DPH fluorescence polarization of the pure 
liposome solution (P-value =0-090+0:004) was very 
low in comparison to untreated keratinocytes (P- 
value =0:259+0-005). Thus, the liposomes were much 
more fluid than the cellular lipids. When keratinocytes 
were exposed to liposomes, the cellular lipid fluidity 
steadily increased with the increase of liposome concen- 
tration and incubation time (Fig. 4). A significant 
fluidization was evident for 0-1 and 1:0 liposomes after 1 
h incubation and for 0:01% after 3 h. The maximum 
fluidization of cell lipids was reached after 48 h of 
exposure with 1:0% liposomes (P-value=0-109+ 
0-008). This was very close to the intrinsic P-value of the 
pure liposome preparation. 

The reduction of the cellular P-value to two-thirds of 
the control level after incubation with 0:1% liposomes 
for 48 h persisted under subsequent standard culture 
without liposomes for at least 4 days. The P-value first 
returned to the control level at day 7 and maintained this 
level until day 11 after the discontinuation of liposomal 
treatment. 


Keratinocyte proliferation and viability 


As compared to the control values, which were set at 
100%, exposure of keratinocytes to 0-01 and 0:1% 
liposomes resulted in [*H]-thymidine incorporation of 
74°645:1 and 31:3+4:9%, respectively, after a 24-h 
incubation period, and of 88-549-9 and 18:943:5% 
after 48 h (Fig. 5a). The incorporation of [!*C]-amino 
acid was 84:9145:2 and 40-9+4:7% after 24 h, and 
89:5+9-2 and 23:8+4:6% after 48 h (Fig. 5b). The 
uptake of [*H]-thymidine and ['*C]-amino acid uptake 
were significantly (P<0-05) suppressed by liposomal 
concentrations of >0:01% after 24 h and >0-1% after 
48 h. A 50% inhibition concentration (ICs) of 0-06% 
liposomal lipids was calculated for DNA synthesis after 
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24 and 48 h as well as for protein synthesis after 48 h. 
With a 24-h incubation period the ICs, for the latter 
parameter was O0-O8%. 

Liposomal concentrations of 0-01 and 0:1% gave total 
protein contents of 90:6+ 11-0% and 87-3+410-5%, 
respectively, after 24 h, and of 107-4+13-9 and 
66°7+9:°6% after 48 h (Fig. 5c). The effects were 
significant (P<0-05) only with liposomal concentra- 
tions of > 0:1% after 24 h and 48 h. Corresponding ICs, 
values were greater than 1-0%. 

A significant decrease in the number of attached cells 
per culture well became evident after incubation for 48 h 
with 20-25%, liposomes (Table 1). Cell viability 
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Figure 1. HaCaT keratinocytes incubated for 
48 h with (a) 1% physiological saline 
(control), (b) 1% liposomes, showing reduced 
cell density, increased cell size and 
cytoplasmic vacuoles, Small (primary) 
vacuoles (white arrows) were found in nearly 
all cells; only a few large (secondary) 
vacuoles (black arrow) were found (phase 
contrast, x 280). 


remained unaffected at all liposomal concentrations 
tested during the 48-h incubations (Table 1). 

Monitoring of the mean total protein content per well 
at 4, 7 and 11 days after an initial incubation for 48 h 
with 0-1% liposomes, showed a slow cell growth by a 
factor of 1-2, 1-8 and 2-6 as compared to the protein 
value which was determined immediately after the 
exposure. The control values exceeded those of liposome- 
treated cultures by a factor of 4-6, 4:3 and 3-0 at 4, 7 
and 11 days, respectively. At day 4 the cell viability of 
the attached cells dropped significantly (P<0-05) to 
65°44 16-9% and had returned to the average control 
level of 95-99% by day 7. 
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Figure 2. Fluorescence microscopy of two HaCaT cells after 48 h 
exposure to () 1% liposomes loaded with fluorescein ( x 1 200), Multiple 
cyclic areas of fluorescence inside the cytoplasm surrounded the dark 


nuclear areas (N). 





Figure 3. Ultrastructure of a HaCaT keratinocyte after 24 h incubation 


with 1% liposomes (1% tannin impregnation, x 89,800). There were 


no cell membranes around the laminated lipid aggregates. 


Discussion 


The interactions between liposomes and keratinocytes in 
vitro have been described for non-human systems.°*"*’ 


This present study demonstrates that human keratino- 


cytes are able to incorporate considerable amounts of 


liposomes. This was evident from the dose- and time- 
dependent formation of cytoplasmic vacuoles that con- 
tained multilaminated material as well as liposome- 
derived fluorescein. Cultures of guinea-pig epidermal cells 
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Figure 4. Fluidization of HaCaT cell lipids as a function of liposomal 
concentration and incubation time. The degree of | ,.6-diphenyl-1,3,° 

hexatriene (DPH) fluorescence polarization (syn. P-value) served as a 
reciprocal measure for the cellular lipid fluidity. Average lipid tluiditie 

of control cells without liposomal treatment and of pure liposomes ar 
indicated by dashed and dotted lines, respectively. Exposure tor 45 h 
with 0:01% (0), 0:1% (@) and 1-0% (A) liposomes significantly 
(P<0-05) reduced the P-value to 86°94+5°4, 65°64+1-9 and 
42-1+ 3:1% in comparison to the controls (100%) 


incubated with distearoylphosphatidylcholine-dicety| 

phosphate liposomes enclosing hydrophilic 6-carboxy 

fluorescein showed granular cytoplasmic fluorescence 
with a centripetal spreading within the cells after 1 h of 
exposure.” The uptake of liposomes was also demon- 
strated by the marked fluidity of cellular lipids during the 
incubation of the cells. Human keratinocytes, like those 
of the guinea-pig,*- internalized liposomes at a fast rate 
with a significant decrease of the P-value after only 1 h ol 
incubation. 

The mechanism of liposomal incorporation is thought 
to be by stable adsorption with lipid transfer, membrane 
fusion or phagocytosis.“* +" Keratinocytes are known to 
phagocytose various sized particles including Candida 
albicans, Thorotrast, melanin, charcoal, erythrocytes, 
Langerhans cell debris, fibrin fragments and latex 
beads.-* However, in our study a membrane delimiting 
the lipid vacuoles was not visible and we observed free 
lipid accumulation in the cytoplasm, as described for 
adipocytes, and not within endosomes or lysosomes. 
Our findings support an uptake of the liposomes through 
membrane fusion. The factors that are known to 
promote such a fusion, high fluidity of the lipid vesicles 


h 


and an elevated temperature.-*° were present in ou! 
system. A secondary leakage of the liposomal lipids into 
the cytoplasm following their initial uptake within smal! 
endosomes is less likely. 

The increased spread of the cells caused by liposomes 
could be due to an increased cellular volume and also a 
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Figure 5. Significant decreases (P< 0-05) 1n (a) DNA synthesis and (b) 
protein synthesis per HaCaT cell culture under liposomal concentra- 
tions of >0-01% (after 24 h exposure) and >0°1% (48 h). (c) A 
significant decrease tn total protetn content of attached cells was 
observed at concentrations > 0:1% (24 hand 48 h). O, 24 h; W, 48h. 


decrease of cell density because of the inhibition of 
proliferation. It may also be due to increased lipid 
fluidity. The most sensitive functional parameter for the 
influence of liposomes, as indicated by the ICs values, 
was the inhibition of DNA synthesis (0:06% liposomes 
after 24 h incubation), followed by protein synthesis 
(0-08%) and finally by protein content (> 1-0%). Even 
though there was a marked vacuolization of the cells 
during 48 h liposomal treatment, there was no direct 
cytotoxic effect, as indicated by unimpaired cell viability 
and a normal rate of cell shedding. However a transient 
decrease of viability was observed 4 days following 
discontinuation of exposure to the liposomes. At day 7 
the cell viability had normalized and this was accompa- 
nied by a steady growth. In accordance with our findings 
only negligible immediate effects on the viability of 
guinea-pig keratinocytes were found after 4 h of treat- 
ment with 0:2% soya bean phospholipid liposomes.”? 
Subcultured normal human keratinocytes, less prolifera- 
tive than HaCaT cells and primarily grown on lethally 
irradiated 3T3 fibroblasts with supplementation of 
growth factors, responded to a lesser degree to the 
growth-inhibitory effects of liposomes (data not shown). 
Substantial toxic alterations of guinea-pig epidermal 
cells have been observed after exposure for 72 h to 0:1% 
liposomal lipids prepared from egg lecithin,?? for which 
the high content of saturated fatty acids in egg lecithin 
may be responsible. 

Recently the degree of DPH-fluorescence polarization 
was measured in suspension cultures of guinea-pig 
keratinocytes with liposomes.?? There was a decrease in 
the P-value by 54% as a result of 4 h of treatment with 
0:2% soya bean phospholipid liposomes. The fluidizing 
effect, which was accompanied by reduced concanavalin 
A binding, was more pronounced as compared to our 
data. This may be explained by the liposomal composi- 
tion (30% phosphatidylcholine, 35% phosphatidyli- 
nositol and 35% phosphatidylethanolamine) used by 


Table 1. Counts of attached cells per well and 


Cell number Cell viability their viability after tncubation for 48 h of 
Per cent (means +SD) (means+ SD) HaCaT keratinocyte cultures with medium 
liposomal supplemented with liposomes or physiological 
hypids Treatment Control Treatment Control saline (control). The cell number per well 

was 97,917+14,201 ummediately before the 

0-01 §52,292421,915 538,958436,024 97-0413 97:041:5 Onset of the incubation 
0-1 521,875+40,634 530,000 + 56,347 95-44+2°8 97 141:7 
0-25 402,500+ 53,921* 470,208 +47,351 96-3+3°0 95:6425 
05 342,500 +26,363* 461,667 + 56,941 94:74+3:9 97:-2+2:0 
10 357,917+ 60,118" 490,417+ 32,631 94-542 1] 93-542°6 


*P<0-05. 
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Callaghan et al. and by the fact that liposomes were 
added to cell suspensions allowing a better liposomal 
access to the cells over their whole surface. 

The present finding that liposomal material greatly 
accumulated inside the cells and the fact that DPH is 
incorporated in all intracellular lipids!® 3°?! should give 
rise to special caution in interpreting the P-values of 
liposomal-treated keratinocytes solely in terms of plasma 
membrane fluidity. Nevertheless, the P-value seems an 
excellent parameter for monitoring liposomal incorpora- 
tion by keratinocytes. Moreover the restoration of the P- 
value by day 7 after discontinuation of liposomal 
exposure reflected the degradation of liposomal lipids. 

Our data and those from the literature?? demonstrat- 
ing marked fluidization of keratinocytes by phospholipid 
liposomes are further evidence of a positive correlation 
between cellular phospholipid/cholesterol ratio and 
(membrane) lipid fluidity.!93+°3 This is supported by 
previous studies showing that keratinocyte lipid fluidity 
is down-regulated in vitro by the cellular uptake of 
cholesterol-hemisuccinate and -sulphate** and by the 
induction of differentiation through the elevation of 
extracellular calcium,’ and in situ during differentia- 
tion?®3? accompanied by a rising plasma membrane 
cholesterol content.’ These indications of the modula- 
tion of cell membrane fluidity are of functional impor- 
tance because this is known to affect in a complex 
manner the lateral and rotational mobility of protein 
determinants as well as their degree of exposure (vertical 
phase separation).?* 

In conclusion, with regard to the future topical 
application of liposomal-entrapped drugs, the present 
results point to a specific effect of the liposomes them- 
selves. When incorporated by human keratinocytes 
liposomes increased cellular lipid fluidity, possibly regu- 
lating cell surface receptor functions and slowing down 
cell proliferation. 
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Regulation of 62-adrenergic receptors in keratinocytes: 
glucocorticoids increase steady-state levels of receptor 
mRNA in foetal rat keratinizing epidermal cells (FRSK cells) 


Summary 
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Glucocorticoids increase the f-adrenergic adenylate cyclase response of epidermal keratinocytes. 
Using FRSK cells, a cultured cell line of foetal rat keratinocytes, the regulatory mechanism of the f- 
adrenergic augmentation effect was investigated. Treatment with dexamethasone (1 x 107° M) 
increased by 1-5-fold the f-adrenergic adenylate cyclase response of FRSK cells. The effect was 
observed at 6 h incubation and remained for at least 48 h. The prostaglandin E-adenylate cyclase 
response was also increased 1-5-fold by glucocorticoid treatment. Neither the adénosine—adenylate 
cyclase response nor cholera toxin- or forskolin-induced cyclic AMP accumulations were altered. 
Northern blot hybridization showed that levels of the B2-adrenergic receptor mRNA increased within 
3 h, while actin-, Gs-«, Gi-2a, Gi-3a mRNA levels were unchanged. Testosterone, 17 f-oestradiol, and 
progesterone had no effect on either the £2-adrenergic adenylate cyclase response or the expression of 
-adrenergic receptor mRNA. The increase in the numbers of the f-adrenergic receptors was 
visualized by immunofluorescence with an antibody specific for the fB2-adrenergic receptor. Our 
results indicate that glucocorticoids regulate the 62-adrenergic adenylate cyclase response of FRSK 


cells through the enhanced expression of the receptor. 


It has been reported that epidermal keratinocytes are 
regulated by glucocorticoids resulting in the augmen- 
tation of the f-adrenergic adenylate cyclase response.*? 
In culture, this -adrenergic augmentation effect is 
detected after 4—6 h, and is inhibited by various protein 
synthesis inhibitors.!3 These findings suggest that glu- 
cocorticoids act through the synthesis of specific steroid- 
inducible proteins, which may include lipocortin, an 
endogenous phospholipase A, inhibitor protein.*® 
Besides possible regulation by lipocortin in various cell 


systems glucocorticoids increase the f-adrenergic recep- ` 


tor through the increased transcription of the receptor 
mRNA.’? The f2-adrenergic receptor gene has at least 
four consensus glucocorticoid responsive elements tn 5’ 
flanking, coding, as well as 3’ flanking regtons.!° 12 
The f-adrenergic receptor in keratinocytes is the ß2 
type.'+!4 Thus it is possible that glucocorticoids regulate 
the expression of the f2-adrenergic receptor gene in 
keratinocytes as in other cell systems. However, because 


Correspondence: Dr Hajime Iizuka, Department of Dermatology, 
Asahikawa Medical College, 3-11 Nishikagura, Asahikawa, 078 


Japan. 


‘ of the weak expression of the steady-state B2-adrenergic 


receptor MRNA in normal keratinocytes, evidence for 
the transcriptional control of 8.-adrenergic receptor has 
not been available. 

FRSK cells are a cultured cell line derived from foetal 
rat keratinocytes.!> Recently we found that the adeny- 
late cyclase system of FRSK cells is very similar to that of 
normal human epidermis.!* The cells possess f2-adre- 
nergic, prostaglandin E, and adenosine receptors, which 
activate the adenylate cyclase. They also possess Gs and 
Gi-2,3, which are affected by cholera toxin and islet- 
activating protein, respectively. We also found that 
FRSK cells were regulated by glucocorticolds resulting in 
B-adrenergic augmentation. 

In contrast to the normal epidermis, FRSK cells 
express significant amounts of the $ -adrenergic recep- 
tor mRNA.'* Therefore, we investigated the nature of 
regulation by glucocorticoids tn FRSK cells. Our results 
indicate that, besides possible regulation by lipocortin, 
glucocorticoids may augment the f-adrenergic adeny- 
late cyclase response of keratinocytes through increased 
expression of the f2-adrenergic receptor. 
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Methods 
Cell culture 


FRSK cells, a cultured cell line of foetal rat epidermal 
keratinocytes,'> were obtained from the Japanese Cancer 
Research Bank (JCRB) Cell, Foundation for Promotion of 
Cancer Research. The FRSK cells were cultured in 
Dulbecco’s modified Eagle’s medium supplemented with 
5% foetal calf serum (FCS), 100 units/ml penicillin, and 
100 ug/ml streptomycin at 37°C In 5% CO; in air, and 
maintained at subconfluence by subculture every 4-5 
days. Cells were seeded at concentrations of 4:0 x 10° 
cells/5 ml into plastic dishes of 50 mm diameter. 


Steroid treatments 


Cells were treated with 0:25% trypsin in 0:5% EDTA 
solution for 5 min at 20°C and seeded in a 24-well 
culture plate (16-mm diameter wells) at a concentration 
of 4x 10* cells/well with 1 ml of fresh medium. They 
were cultured for 2 days by which time the cell density 
was 210° cells/ml. One millilitre of fresh culture 
medium containing various sterolds were added to each 
well and incubations were performed for the indicated 
time. Steroids were dissolved in ethanol and the final 
concentration of ethanol was less than 0:5% v/v. 
Appropriate concentrations of ethanol were added to the 
control medium. These concentrations of ethanol had no 
effect on either adenylate cyclase responses nor on the 


expression of f2-adrenergic receptor mRNA. At the: 


indicated time of the incubation, cells were incubated for 
cyclic AMP accumulation or were collected for RNA 
extraction. Five per cent FCS and antibiotics were added 
to the culture medium throughout the steroid treatment. 


Incubation for cyclic AMP accumulation 


Following the steroid treatments, the f-adrenergic-, 
prostaglandin E-, histamine- and adenosine-adenylate 
cyclase respouses were measured as described pre- 
viously.1+16 Concentrations of epinephrine, prosta- 
glandin Ez, histamine and adenosine were 50 uM, 30 uM, 
l1 mM and 2 mM, respectively. These concentrations 
were suffictent for the maximal accumulation of cyclic 
AMP. Incubations were performed at 37°C for 5 min in 
the presence of 1 mm IBMX for the epinephrine, 
prostaglandin E and histamine experiments, and 250 
uM papaverine for the adenosine experiment.!® Follow- 
ing the incubation, the reaction was stopped by remov- 
ing the medium and adding 0-5 ml 5% trichloroacetic 
acid to extract the cyclic AMP.2® Cyclic AMP was 
measured by radioimmunoassay using a Yamasa cyclic 


AMP assay kit (Yamasa Shoyu, Tokyo, Japan). Forsko- 
lin- and cholera toxin-induced cyclic AMP accumu- 
lations were performed as described previously.}* 7 


RNA extraction 


Following the steroid treatment, keratinocytes (about 
1 x 10’ cells) were homogenized in guanidine thiocya- 
nate solution and total RNA was extracted by the 
caesium guanidine method.!* Poly(A)*+ RNA was puri- 
fied on an oligo-(dT)-cellulose column.'® RNA concen- 
tration was adjusted by measuring the optical density at 
260 nm. 


Northern blot analysis 


Poly(A)* RNA (20 ug) was denatured with 1 mM glyoxal, 
electrophoresed in 1% agarose gel in circulating 0:1 M 
phosphate buffer, and transferred to a nylon filter.!? The 
filters were then baked at 80°C for 1 h. 


Cloned probes 


The human f>-adrenergic receptor cDNA? was 
obtained from American Type Culture Collection (ATCC) 
(Rockville, MD, U.S.A.). The rat Gs-x, Gi-2% and Gi-3a 
cDNAs were gifts from Professor Y. Kaziro, Institute of 
Medical Science, University of Tokyo, Japan.*!:?? £-Actin 
cDNA was a gift from Dr F. Gunning, Stanford University 
School of Medicine and the Veterans Administration 
Medical Center. 


Hybridization 


Probes were labelled with «-[?2P]-dCTP (3000 Ci/mmol) 
by the random primer method to specific activities of 2- 
8 x 108 c.p.m./ug.1® Hybridization was performed with 
random primed probes in 10% dextran sulphate, 
1:5 x SSPE (0-23 m NaCl, 0:02 m NaH2PO,, 1:5 mM 
EDTA, pH 7-4), 1% NaDoSQ, (sodium dodecylsulphate), 
0-5% skimmed milk, and denatured salmon sperm DNA 
(500 ug/ml) at 65°C for 16-24 h. After hybridization, 
filters were washed in 2 x SSC (0:15 m NaCl, 0-015 M 
sodium citrate, pH 7:0), and 0:1 x SSC containing 0-1% 
NaDoSO, for 15 min each at 20°C and 0:1 xSSC 
containing 0:1% NaDoSO, at 65°C for 10 min until the 
radioactive bands appeared on a Geiger counter. The 
filters were then packed in plastic bags and exposed to X- 
ray films with intensifier screens at — 70°C for 1—2 days. 
After autoradiography, the previously hybridized probe 
was removed by incubating in 50% formamide/0-1% 
phosphate buffer for 1 h at 65°C and rinsing in 2 x SSC 
for 30 min at 20°C. Next they were sequentially 
hybridized to different radiolabelled probes. 
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Indirect immunofluorescence of B2-adrenergic receptor 


Indirect immunofluorescence of B2-adrenergic receptor 
was performed with FRSK cells treated with 1 uM 
dexamethasone for 24 h. Cells were dissociated with 
trypsin-EDTA treatment (see above) and were adjusted 
to 1:5 x 10° cells/ml in PBS, pH 7-2. The cells were then 
fixed with cold acetone on Hendley~Essex slides, washed 
with PBS, and were saturated with PBS-gelatin (0-3%) 
for 1 h at 20°C. The cells were probed with antireceptor 
antibody BRK-1 (IgM class-antibody)’? at a dilution of 
1:100 in PBS-gelatin for 1 h at 37°C. The cells were then 
washed with PBS-gelatin and incubated with rabbit 
anti-mouse serum IgM at a dilution of 1:100 for 1 h at 
37°C. The cells were then washed with PBS-gelatin and 
incubated with fluorescein-conjugated goat anti-rabbit 
Ig for 1 h. The slides were washed with PBS-gelatin, and 
mounted with glycerol and observed under a fluorescent 
microscope. Photographs were taken with a Fuji- 
chrome RD 135-36. The antireceptor antibody was 
donated by Professor A.D.Strosberg (Institute Pasteur, 
Paris, France). 


Materials 


Dulbecco’s modified Eagle’s medium was purchased 
from Gibco (Grand Island, New York). Penicillin and 
streptomycin were obtained from M.A. Bioproducts 
(Walkersville, Maryland). [a-*4P]deoxy CTP was 
obtained from Amersham Japan (Tokyo, Japan). Dexa- 
methasone, testosterone, 1 7-f oestradiol, progesterone, 
and cholera toxin were purchased from Sigma (St Louis, 
MO, U.S.A.). Forskolin 7-deacetyl-7-o-hemisuccinic acid 
was the product of Calbiochem (La Jolla, CA, U.S.A.). All 
other chemicals were purchased from Nakarai Chemi- 
cals Ltd (Kyoto, Japan). 


Results 


Following the addition of 1 um dexamethasone, the f- 
adrenergic adenylate cyclase response of FRSK keratino- 
cytes increased by 1-5-fold (Fig. 1). The prostaglandin E- 
adenylate cyclase response was similarly increased by 
treatment with dexamethasone. These stimulatory 
effects were usually detected after 6 h of incubation and 
remained for at least 48 h (Fig. 2a). Usually the 
difference was most marked after 12-24 h incubation. 
The adenosine~adenylate cyclase response was not 
affected by the glucocorticoid treatment (Fig. 1). In 
contrast to pig epidermis,**?> histamine had only a small 
effect on FRSK cells? which was not altered by the 


Control Dexamethasone 
ome f 
ee aan Mia” 
ME [FE }- 
Sa nt 
El sees 
0 XO Kr E 0 0 5o 306 ae 500 


cyclic AMP = pmoles/mg protein 


Figure 1. Effect of dexamethasone on epinephrine-, prostaglandin Ez-, 
adenosine-, and histamune-induced cyclic AMP accumulations of 
FRSK cells. 

FRSK cells were treated with 1 ua dexamethasone for 24 h. Then the 
cells were treated with various adenylate cyclase stimulators for 5 min. 
The concentrations of chemicals were epinephrine, 50 uM; prosta- 
glandin E2, 30 um; adenosine, 2 mm; and histamine 1 mM, respectively. 
Cyclic AMP phosphodiesterase inhibitors were added to the incubation 
media (1 ma IBMX for epmephrine, prostaglandin Ez, and histamine 
activation; 250 um papaverine for adenosine activation). The effect of 
papaverine alone was similar to that of IBMX alone (not shown). Al 
n= 4 from a typical experimental series (Bars; SE). * P<0-05 compared 
with control; * P<0-01 compared with control. 


addition of dexamethasone (Fig. 1). The augmentation 
of the f-adrenergic response by dexamethasone was 
concentration-dependent and a maximal effect was 
observed at 0-5-1 um (Fig. 2b), which was the same for 
the augmentation of the prostaglandin E response (data 
not shown). l 

The effects of various steroids are shown in Table 1. 
Although dexamethasone increased the f-adrenergic 
adenylate cyclase response, neither testosterone, B- 
oestradiol, nor progesterone had any effect on the f- 
adrenergic response of FRSK cells. 

The effect of dexamethasone on the f-adrenergic 
response of FRSK cells was completely inhibited by the 
RNA synthesis inhibitor, actinomycin D (Fig. 3a) and by 
the protein synthesis inhibitor, cycloheximide (Fig. 3b). 

The f-adrenergic receptor of keratinocytes is the f2- 
type.?3-14 A rise in the steady state f2-adrenergic receptor 
mRNA levels was observed within 3 h of exposure of the 
FRSK cells to glucocorticoid (Fig. 4). The increased level 
of B2-adrenergic receptor mRNA remained for up to 12 h 
incubation but had returned to the steady-state level 
after 24 h incubation. Thus, the increased levels of B2- 
adrenergic receptor mRNA preceded the increased f- 
adrenergic response (Fig. 2a). Actin mRNA levels were 
not significantly altered during the 24-h treatment with 
dexamethasone (Fig. 4). Testosterone, f-oestradiol and 
progesterone had no effect on the B-adrenergic receptor 
mRNA levels (data not shown). l 
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Figure 2. Effect of dexamethasone on the response to epinephrine by 
FRSK cells. (2) FRSK cells were incubated with 1 um dexamethasone for 
up to 48 h. At the indicated time, cells were inccubated with 50 ux 
epinephrine in the presence of 1 mm IBMX for 5 mn. O—O, control, 
@—@, dexamethasone treated. (b) FRSK cells were incubated with 
various concentrations of dexamethasone for 24 h. Following the 
incubation, cells were further incubated with 50 jaa epmephnine in the 
presence of 1 mm IBMX for 5 min. Data are presented as the per cent of 
stumulation achieved in response to 1 um dexamethasone. Cyclic AMP 
accumulations of control cells and dexamethasone (1 ua)-treated cells 
were 700 pmoles/mg protein, and 1020 pmoles/mg protein, respect- 
ively. All n=4 from a typical experimental series (Bars; SE).* P<0-05 
compared with control; * P<0:01 compared with control. 


Following treatment with the glucocorticoid, the 
levels of B-adrenergic receptors of FRSK cells were 
increased, and were visible using indirect tmmunofluor- 
escence techniques (Fig. 5). This increase was consis- 
tently observed after treatment with dexamethasone. 
Again no increase in levels of the -adrenergic receptor 
was observed following the incubation of FRSK cells with 
testosterone, f-oestradiol, or progesterone (data not 
shown). 

Glucocorticoids may regulate G-proteins resulting in 
the altered function of adenylate cyclase.*® Keratino- 
cytes are known to express Gs as well as Gi-2 and Gi-3, 


Table 1. Effects of various steroids on FRSK cells 


Cyclic AMP pmoles/mg protein 
Cholera 

None Epinephrine toxin Forskolin 
Control 1542 831+46 920486 429+61 
Dexamethasone 173 1312+4102* 769459 501448 
Testosterone 19+3 805 +69 ND ND 
f-vestradio! 1542 816452 ND ND 
Progesterone 113 760464 ND ND 


FRSK cells were incubated with various steroids (1 ym) or vehicle 
(control) for 24 h. Cells were then treated with 50 um epinephnine for 5 
min, 100 ug/ml cholera toxun for 2 h, and 100 um forskolin for 1 h, 
respectively. 1 mm IBMX was added to the incubation medium for 
cyclic AMP accumulation. Data are the means+SE of a typical. 
experimental series {n= 4). 
*P<0-01 compared with control. 
ND, not determined. 
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Figure 3. Effects of achanomycan D and cyclohemmude on dexametha- 
sone-induced f-adrenergic augmentation. {a} FRSK cells were Incu- 
bated with 1 um dexamethasone, and/or 5 ug/ml actinomycin D for 24 
h. Cells were then treated with 50 yum epinephrine in the presence of 1 
mm IBMX. (b) FRSK cells were incubated with 1 um dexamethasone, 
and/or 0:5 um cycloheximide for 24 h. Cells were then treated with 50 
uM epinephrine In the presence of 1 mm IBMX. All n=4 from a typical 
expenmental series (Bars; SE) * P<0-01 compared with control. 
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Figure 4. Effect of treatment with 

dexamethasone on /}»-adrenergic receptor 

and actin MRNA levels in FRSK cells. FRSK 2?8S— 
cells were treated with 1 um dexamethasone e A t K 

for the indicated time, and RNA was B C | nN 

prepared. From each time point 20 ug 

poly(A)* RNA were fractionated through a ] 8S— 
1% agarose gel and blotted. Blots were 

probed with (a) | **P]-labelled -adrenergic 

receptor CDNA or (b) actin cDNA. There is a 

marked difference in the //;-adrenergic 

receptor mRNA blot between 0 h and 3.6.9 

12 h. The f»-adrenergic receptor mRNA 

returned to basal level by 24 h. 





but not Gi-1.'*'° Neither Gs-x, nor Gi-2%, Gi-3% mRNA 
levels were changed by the dexamethasone treatment 
(data not shown). Consistent with this finding, cholera 
toxin- and forskolin-induced cyclic AMP accumulations 
were not changed by the dexamethasone treatment 
(Table 1). 


Discussion 


Our results indicate that glucocorticoids augment the f- 
adrenergic adenylate cyclase response of FRSK cells. The 
effect was specific to the glucocorticoid: testosterone. B- 
oestradiol and progesterone had no effect. The prosta- 
glandin E—adenylate cyclase response was also increased, 
but neither the adenosine-adenylate cyclase response 
nor the cholera toxin- or forskolin-induced cyclic AMP 
accumulations were changed by treatment with the 
glucocorticoid. The effect of the glucocorticoid on the £- 
adrenergic response was inhibited by actinomycin D and 
cycloheximide, which are inhibitors of protein synthesis 
at the transcription and translation step, respectively. 
These results are consistent with previous studies using 
normal pig epidermis. >+ Thus, FRSK cells were shown 
to have the f-adrenergic adenylate cyclase system 
regulated by glucocorticoids through the protein synthe- 
sis mechanism as in the normal epidermis. 

In contrast to normal epidermis, FRSK cells express 





Figure 5. Indirect immunotluorescence localization of f -adrenergic i i l 
receptors on FRSK cells. FRSK cells were incubated in medium for 24 h relatively high steady-state levels of #)-adrenergic recep- 


in the (a) absence or (b) presence of 1 um dexamethasone. ( x 200). tor mRNA. Our results indicate that the p-adrenergic 
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augmentation effect was preceded by an increase in the 
levels of ß -adrenergic receptor mRNA. Although the 
increased receptor mRNA could be due either to 
increased transcription or to increased stability of the 
mRNA, it is known that for most steroid-responsive 
‘genes, expression is largely controlled by changes in the 
rate of transcription.’~? The increased level of B-adrener- 
gic receptor was visualized using a monoclonal antibody 
specific for the B2-adrenergic receptor.”? In contrast, no 
evidence for regulation by G-proteins was detected in the 
present study, which is consistent with our previous 
results using normal pig epidermis.*” 

Thus, it is likely that glucocorticoids augment the f- 
adrenergic adenylate cyclase response through the 
enhanced expression of the -adrenergic receptor in 
FRSK cells. To our knowledge this is the first report 
regarding the glucocorticoid-induced regulation of the 
B2-adrenergic receptor in keratinocytes. Although a 
similar mechanism might be applicable to the prosta- 
glandin E~adenylate cyclase response, without a probe 
for the prostaglandin E receptor, this cannot yet be 
determined. 

It has been reported that the fS-adrenergic adenylate 
cyclase response is decreased in various pathological 
conditions affecting keratinocytes. The involved epider- 
mis in psoriasis and the hyperproliferative epidermis 
induced by the phorbol ester TPA are examples?’?® in 
which glucocorticoids reveal various antagonistic 
effects.°793° The f-adrenergic augmentation effect, 
which appears to depend on the transcriptional control 
of the f2-adrenergic receptor, may have significant 
effects on keratinocytes through an alteration of their 
adenylate cyclase—cyclic AMP system. 
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Histiocytes in Sweet’s syndrome 


Summary 
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The histological features of biopsies from 18 previously unreported cases of Sweet’s syndrome are 
reported. The dermal infiltrate in the majority of the cases contained numerous histiocytes that at first 
sight appeared to mimic neutrophils. The immunophenotype of these histiocytes was consistent with 
monocytes that have freshly infiltrated into the lesions. Only two of the cases in this series, associated 
with leukaemia, displayed the histological features of Sweet’s syndrome with a predominant 
neutrophilic infiltration. 

We suggest that the initiating mechanisms in Sweet’s syndrome are that monocyte/histiocyte- 
derived cytokines such as the interleukins IL-1 and IL-8, secreted either by infiltrating histiocytes in 
the non-leukaemia-associated cases of Sweet's syndrome or by tumoural myelomonocytic cells in 
those associated with leukaemia, are responsible for the systemic manifestations and the infiltration 


with neutrophils in the skin lesions. 


Acute febrile neutrophilic dermatosis or Sweet’s syn- 
drome was first described in 1964 by Sweet! and since 
then there have been many further reports. The syn- 
drome is well-recognized and the diagnostic criteria have 
been defined.* The disease is mainly characterized by 
tender plaques or nodules associated with fever and 
there is an infiltrate of neutrophils in the dermis in the 
lesions. The latter finding has been stressed as being the 
salient histological feature.’ A recent histopathological 
study carried out on a large series of cases has indicated 
the diversity of the dermal infiltrate and recognized 
lymphocytic, neutrophilic and histiocytic stages.’ The 
pathogenesis of the disease is as yet not known, but 
based on the number of conditions associated with 
Sweet’s syndrome, both malignant and inflammatory,* 
it is thought to represent a hypersensitivity reaction to a 
variety of antigens. Several authors suggest that it is due 
to a reaction to immune complexes, but these have not 
been demonstrated either in the circulation or in the skin 
lesions.” Also, there is evidence that complement does 
not play a role in neutrophil chemotaxis in cases of 
Sweet's syndrome.® Recently it has been suggested that 
IL-1 is the inflammatory mediator in leukaemia-asso- 
ciated Sweet’s syndrome.’ 

This present study has analysed the histopathological 
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findings in 18 cases of Sweet’s syndrome with particular 
emphasis on the types of infiltrating cells in the lesions. 


Methods 


Eighteen patients with a diagnosis of Sweet’s syndrome 
from 1979 to 1989 were studied and this study was 
based on their clinical and histological data (Table 1). 
In 10 of the cases, half of the skin biopsy was snap 
frozen in liquid nitrogen and isopentane and was stored 
at — 70°C until used. Portions of these and biopsies from 
eight other cases were fixed and processed for routine 
histology. According to the antigen to be detected, either 
immunoperoxidase or immunofluorescence techniques 
were used on either the fixed or frozen tissue sections. 
Immunoperoxidase techniques included a three-step 
peroxidase—antiperoxidase method and a three-step avi- 
din—biotin complex method as have been previously 
described. FITC-labelled antibodies were used for direct 
immunofluorescence. The monoclonal and polyclonal 
antibodies used in this study are listed in Table 2. 


Results 


Histopathology 


The epidermis was intact in most of the biopsies 
although there was occasional spongtosts. Exocytosis of 
inflammatory cells into the epidermis was not a feature. 


Table 1. Clinical and histological data 
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Sex Age Associated conditions Localization of the lesions Signs and symptoms Treatment A B C 
F 56 Arthralgia Arms, trunk, legs Fever Prednisolone 25 mg/day R NR H/N 
F 34 Bronchitis Arms, trunk, legs Fever 38°, neutrophilia, myalgia Predmsolone 30 mg/day SR 2 H/N 
F 42 Pharyngitis Face, arms, legs Fever 39:6°, neutrophilia, myalgia Prednisone 30 mg/day R 5 H 
M. 63 NR Face, arms, trunk, legs Spiking fever, neutrophilia Prednisolone 30 mg/day R 2 H 
M 65 Pharyngitis Face, arms, trunk Fever 38°, neutrophilia, No SR 7 H 
conjunctivitis 
M 75 AMI{M4) Neck, arms, trunk Fever Cefazoline R* 14 N 
M 64 Gastro-enteritis Arms, legs Fever 38-5°, neutrophilia, Prednisolone 25 mg/day R 2 H 
erythema nodosum 
F 71 Cystitis Arms, legs Fever 38:5° Prednisolone 30 mg/day R 5 H/N 
M 57 NR Face, arms, legs Fever 39°, myalgia, ints Prednisolone 25 mg/day R 10 H/N 
F 79 Sjégrens disease Face, arms, legs Fever Prednisolone 25 mg/day NR 12 H 
F 43 NR Arms, legs Fever 38°, neutrophilia Prednisolone 25 mg/day R 3 H 
F 31 NR Face, arms, legs Fever, neutrophilia, arthralgia Prednisone 30 mg/day R 2 H 
F 45 Tonsilitis Face, arms, legs Fever 39°, neutrophilia, arthralgia Prednisone 30 mg/day R 3 H/N 
M 73 AMIL(M4) Arms, trunk, legs Fever NR NR NR N 
-F 58 NR ~*~ Arms, trunk, legs Fever 39°, neutrophilia Prednisolone 30 mg/day R 7 H 
F 49 Pharyngitis Arms, shoulders, knees Fever 38-7°, myalgia . No SR 2 H 
M 60 Pharyngits, Neck, shoulders, arms, trunk Fever 38-5°, neutrophilta, No SR 7 H 
Carcinoma of the bladder myalgia, conjunctivitts 
F 56 Pharyngitis Arms, shoulders, pubis, knees Fever 38°C, neutrophilia Prednisolone 25 mg/day R 4 H 


A, outcome; B, age of the lesion (days), C, composition of the inflammatory infiltrate; H, predominantly histiocytic; H/N, mixed histiocytic and 
neutrophilic; N, predominantly neutrophilic; R, remission; SR, spontaneous regression; NR, not recorded; * remission after 6 weeks. 


Table 2. Antibodies used in this study 


All the biopsies showed slight to moderate oedema of the 
papillary dermis with aggregates or clusters of tnflam- 
matory cells in the upper and mid-dermis. Occasionally 
there was a diffuse dermal infiltrate. In two of the 


Antibody 


EBM11(m) 
KP1(m) 
RFD7(m) 
RFD9(m) 

Leu M3(m) 
Anti-AACT(p) 
Anti-factor XTII(p) 
Anti-MRP8(p) 
Ant-MRP14(p) 
OKT6(m) 
NP57(m) 
TAL1B5(m) 
MT1(m) 
L26(m) 
Anh-C3(m) 
Anti-Clq(m) 
Anti-IgA(m) 
Ant-IgM(m) 
Antt-IgG(m) 


Working 

Specificity dilution Source 
CD68, monocytes/histiocytes 1:10 Dakopatts 
CD68, monocytes/histiocytes 1:10 Dakopatts 
Histiocytes 1:20 Dr Poulter (London) 
Histiocytes 1:50 Dr Poulter (London) 
CD14, monocytes, histtocytes 1:25 Becton-Dickinson 
Monocytes, histiocytes 1:500 Dakopatts 
Monocytes, histiocytes 1:100 Behring-Werke 
Monocytes, histiocytes 1:1000 Dr Brüggen (Basel) 
Monocytes, histiocytes 1:4000 Dr Briiggen (Basel) 
CD1 1:50 Ortho Diagnostics 
Neutrophils 1°10 Dr D.Y Mason (Oxford) 
HLA-DR 1:05 Dr W.P.Bodmer (London) 
CD43, T lymphocytes 1:10 Clonab 
B lymphocytes 1:250 Dakopatts 
C3 1:80 Behring Werke 
Clq 1:40 Dakopatts 
IgA 1:40 Dakopatts 
IgM 1:40 Dakopatts 
IgG 1:80 Dakopatts 


m, monoclonal; p, polyclonal. 


biopsies, the infiltrate was present in the deep part of the 
dermis. In none of the biopsies was there any infiltration 
of the subcutaneous tissue. The infiltrate varied in its 
composition, and in two of the cases was predominantly 
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neutrophilic (Figs la and b). In 11 cases the infiltrate 
consisted mainly of histiocytes (Fig. 1c). In the remain- 
ing cases there were equal numbers of neutrophils and 
histiocytes. Lymphocytes were present in all the skin 
biopsies but were clearly outnumbered by other inflam- 
matory cells. There was no relationship between the 
duration of the lesions and the composition of the 


cellular infiltrate. The histiocytes had a typical morpho- 
logy. being small and round with an elongated lobate 
nucleus and with a limited amount of cytoplasm (Fig. 2). 
These histiocytes appeared to mimic neutrophils, but 
lacked a multilobular nucleus. In those lesions with a 
predominantly histiocytic infiltrate, clusters of histio- 
cytes were found which showed in their centre a cleft or 





Figure 1. (a) Skin biopsy showing diffuse infiltrate in the upper dermis, almost entirely composed of neutrophils (b). This patient had acute 
myelomonocytic leukaemia (M4). (c) Skin biopsy showing superficial oedema and a nodular infiltrate in the dermis (paraffin sections, x 160, x 640. 


x 160, respectively). 





Figure 2. Small histiocytes observed in the 
majority of the lesions in Sweet's syndrome 
have elongated, twisted nuclei (large black 
arrow). Some larger histiocytes with an oval 
nucleus (small black arrow) and some 
neutrophils (white arrow) can also be seen 
(paraffin section, x 1600). 


AS 
‘ 
¢ 
> ` e 
& 
ad J 
a \ 2 
; 3 
44 
X 
A 
, 
‘a 
’ 
$ 
P 
se 
è 
` 


? 
2 


P 


a 
AANE 
(hra 
W P Ed 


> g Aa 





| Pret er, 
| a 
e ¢ ¢ # 

9 , 2 E r 5 
| 

& $20 + sP P i = _ 

Figure 3. (a) Miescher radial-like granuloma in Sweet's syndrome. 
Small histiocytes surround a central cleft in a more or less radial 
configuration. Few neutrophils are interspersed. (b) Cluster of cells. 
The centre is composed of neutrophils. while the periphery is composed 
of small histiocytes (paraffin sections, x 400). 
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vessel (Fig. 3a). In the cases with an admixture of 
neutrophils and histiocytes, the histiocytes were vir- 
tually always at the periphery, whereas the neutrophils 
occupied the centre of the clusters (Fig. 3b). Occasionally 
a vessel could be seen at the centre of these aggregates. 
There was no evidence of a vasculitis in any of the cases 
and leucocytoclasia was observed to a limited degree in 
those lesions with a predominantly neutrophilic infil- 
trate. 


Immunohistology 


Histiocytes and neutrophils were distinguished on the 
basis of elastase positivity of neutrophils (Fig. 4a). The 
histiocytes were stained for CD68, CD14, Factor XIIa, 
AACT, MRP8 and MRP14 (Figs 4b and c) but not for 
CD1, RFD7 or RFD9. The HLA-DR expression varied 
between the cases, but was generally weak. The lympho- 
cytes were mainly T cells as shown by their positivity 
with MT1 (CD43). Only a few L26 positive B cells were 
present. 

Immunofluorescence studies did not reveal any sig- 
nificant deposition of complement and immunoglobulins 
in the vessels or at the dermo-epidermal junction. 


Discussion 


The main histological feature of Sweet's syndrome is a 
dermal infiltrate of neutrophils in lesions without evi- 
dence of a vasculitis. *®!” In a recent study’ lymphocytic, 
neutrophilic and histiocytic stages of the lesions in 
Sweet's syndrome have been described. These were 
based on the clinical appearances of the lesions at the 
time of biopsy and it was suggested that the lymphocytic 
stage might be first and followed by a neutrophilic and 
then a histiocytic stage. The findings in our study do not 
support this, because a predominantly histiocytic infil- 
trate was noted in most of the cases. We wish to stress 
that although at first glance the cells may appear to be 
neutrophils, they did not stain for neutrophil elastase 
but, as expected, expressed pan-histiocyte markers 
CD68, CD14, AACT and Factor XIIa, as well as MRP8 
and MRP 14 that are two recently described monocyte 
histiocyte markers.'' CD1 and antigens recognized by 
RFD7 and RFD9'* were not expressed. These findings 
suggest that the histiocytes in the lesions in Sweet's 
syndrome represent monocytes that have freshly infil- 
trated. 

The histiocytic clusters seen in Sweet's syndrome 
resembled those of Miescher’s radial granulomas which 
are characteristically seen in erythema nodosum.!’ The 





immunophenotype of the histiocytes in both types of 
lesions is similar.'* The pathogenesis of erythema nodo- 
sum remains unknown, but an Arthus type reaction 


with the local formation of immune complexes and 
subsequent complement activation with chemotaxis of 
inflammatory cells probably plays a role in the causation 
of these lesions.'? A similar phenomenon may also occur 
in Sweet's syndrome. Although deposition of immune 
complexes was not demonstrated in our series of 
patients, nor in previous studies,’ this may be due to 
their rapid clearance by infiltrating cells. Chemoattract- 
ants other than complement might ‘trigger’ the lesions 
in Sweet's syndrome, as has been described in a patient 
with profound deficiency of C3.° 

In the present study an infiltrate that consisted only of 
neutrophils was found in only two cases that both had 
an associated leukaemia. Production of IL-1 by neoplas- 
tic cells might be responsible for the infiltrate of neutro- 
phils.’ IL-1 has been reported to be produced in vitro by 
the cells in myelomonocytic and monocytic leukae- 
mia'®'* and these are the types of acute non-lympho- 
blastic leukaemia that are most frequently associated 
with Sweet's syndrome.'” The neutrophil component of 
the infiltrate in cases not associated with leukaemia may 
similarly be ascribed to monocyte-derived cytokines 
such as IL-1 and the recently characterized IL-8*" and be 
secreted by the histiocytes. 

In conclusion, Sweet's syndrome is characterized by a 
predominantly histiocytic infiltrate that shows the 


Figure 4. Staining for (a) neutrophil elastase. 
(b) MRPS and (c) MRP 14 in serial sections ol 
a skin biopsy of mixed neutrophilic and 
histiocytic Sweet's syndrome. Neutrophils in 
the centre of the infiltrate are stained for 
neutrophil elastase and MRP8 and MRP 14. 
Histiocytes are stained for MRPS and 
MRP14, but not for neutrophil elastase. The 
epidermis stains for MRPS and MRP14 
(paraffin sections, x 400) 


characteristics of monocytes that have freshly infiltrated 
into the lesion and which could be misinterpreted as 
being neutrophils in routine stained sections. In our 
series of patients the classical infiltrate with neutrophils 
was observed only in those cases that were associated 
with leukaemia. 
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Summary 


The use of topical nitroglycerin has been reported to aid the healing of chronic skin ulcers. In this 


study, the effect of 2% nitroglycerin ointment on transcutaneous oxygen pressure (TcPO2) was 
investigated in skin adjacent to the area of ointment application. Topical nitroglycerin caused a two- 
fivefold decrease to TcPO, in skin next to or up to 9 cm away from the site of application of the 


ointment. 


Nitroglycerin has long been used to treat angina pector- 
is. In spite of recent advances in cardiovascular medi- 
cine, it remains a drug of choice for coronary artery 
insufficiency. When injected in the coronary bed during 
angiography, nitroglycerin relieves spasms and dilates 
the large epicardial coronary arteries. However, smaller 
transmural vessels are less affected, a possible advantage 
in preventing ‘steal’ from high resistance areas of the 
ischaemic myocardium. In clinical practice the plasma 
concentrations achieved with oral and topical nitrates 
do not allow a direct effect on the coronary arteries, but 
rather cause dilation of the systemic venous and arterial 
bed. These changes decrease preload and, to a certain 
extent, afterload on the ischaemic myocardium.'? 

Nitroglycerin was first used in topical form in 1955, 
and became available as a 2% ointment in 1974. For 
almost two decades, reports have appeared suggesting 
that topical nitroglycerin may be useful in the healing of 
chronic skin ulcers. It is possible that the use of topical 
nitroglycerin for this purpose is more widespread than 
indicated by these few published studies. We therefore 
decided to study the effect of topical nitroglycerin on 
transcutaneous oxygen pressure (TcPO2), a parameter 
which is used clinically in the evaluation and manage- 
ment of chronic skin ulceration.** Specifically, we were 
interested in knowing whether the application of nitro- 
glycerin to one area of skin would cause a ‘steal’ of 
oxygen from adjacent sites. 


Methods 

A total of five healthy volunteers (four males, one female, 
Correspondence: Dr V.Falanga, Department of Dermatology and 
Cutaneous Surgery, University of Miami, P.O. Box 016250, Miam, 
FL 33101, U.S.A. 


354 


age range 23-32 years) participated in the study. The 
subjects were studied in the supine position. Initially, we 
attempted to study forearm TcPO, but baseline values at 
this site were consistently too low for meaningful results. 
We then investigated TcPO , at the infraclavicular area. 
Four TcPO2 monitors (Radiometer TCM204, Copenha- 
gen, Denmark) were used to measure four skin sites 
simultaneously. The first adhesive sensor (A) was placed 
over the mid-sternum. The remaining three sensors (B, 
C, and D) were placed successively in the second 
intercostal space on the left side of the chest, at a distance 
of 1:0 cm from sensor A and from each other (Fig. 1). - 
After the sensor rings were in place, two drops of a 
contact solution (Radiometer) were placed inside each 
ring. Electrodes from individual TcPO2 monitors were 
then connected to each ring. TcPO2 measurements were 
taken after 20 min, at a sensor temperature of 37°C. 
After baseline TcPO2 readings were obtained, 2% nitro- 
glycerin (Nitro-Bid ointment, Marion Corp, Kansas City, 
Mo, U.S.A.) was applied in or around the first, mid- 
sternal sensor (A). TcPO2 measurements were then 
recorded at all four sites (A, B, C, D) after an additional 
20 min. In some experiments, the ointment was applied 
liberally to the skin to simulate the clinical situation. In 
other experiments, 1 mm of ointment, corresponding to 
approximately 0-6 g of 2% nitroglycerin, was applied. 


Results 
Nitroglycerin applied around sensor A 


Application of a ltberal amount of nitroglycerin oint- 
ment around sensor A caused a dramatic decrease in 
TcPO, inside sensor A and all adjacent sites. Figure 2 
shows the representative results of one of the experi- 
ments in one subject. Sensors A, B, C, and D recorded a 





Figure 1. Four TcPO) sensors on left side of chest. The sensor near the 
mid-sternal area was labelled A, and adjacent sensors were labelled 
consecutively B to D. 
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Figure 2. TcPO, measurements at 37°C before and after the application 
of a liberal amount of nitroglycerin ointment immediately around 
sensor A. O, baseline: @. after NTG. 


260-500% reduction in TePO.. Baseline TePO, 
measurements were variable at the different chest sites. 
We are not certain why adjacent skin areas should 


record different TcPO, values. but the influence of 


epidermal thickness,’ vasculature, and subcutaneous 
tissue are likely to be important. Nevertheless, our 
comparisons were always made with respect to baseline 
values and within the same sensor location. When the 
amount of topical nitroglycerin ointment was reduced to 
1 mm (0-6 g), the results were less dramatic, but a TcPO, 
decrease away from the application site was still 
observed (Fig. 3). For all patients tested, the TcPO, 
measurements obtained after the application of nitrogly- 
cerin and expressed as mean percentage of control 
(before nitroglycerin) +SD were as follows: 59416 at 
sensor A, 49+ 18 at B, 47422 at C, and 51424 at D. 
These decreases in TcPO) were statistically significant 
(P<0-01) using Student's t-test. It should be noted that 
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Figure 3. TcPO, measurements at 37°C before and after the application 
of 0-6 g of nitroglycerin ointment immediately around sensor A. O, 
baseline: ©, after NTG. 
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Figure 4. TcPO» measurements at 42°C before and after the application 
of 0-6 g of nitroglycerin ointment immediately around sensor A. O, 
baseline; B, after NTG. 


a sensor temperature greater than 37°C, which in- 
creases TcPO, readings to maximal levels. tends to 
minimize possible changes in TcPO, due to vessel tone. 
Nevertheless, after nitroglycerin application around 
sensor A and at a sensor temperature of 42°C, we 
observed a small but consistent decrease in TcPO, at 
distal sites (Fig. 4). 


Nitroglycerin ointment applied inside sensor A 


A study of the effects of the application of nitroglycerin 
inside the sensor, in actual contact with the electrode, 
may not be technically possible. We found that nitrogly- 
cerin increased TcPQ), at sensor A by 300% of baseline 
(Fig. 5). However, a more than twofold increase was 
observed at sensor A after applying vasoline inside the 
sensor (data not shown). Sensors B, C, and D. reported 
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Figure 5. TcPOz measurements at 37°C before and after the application 
of 0-6 g of nitroglycerin omtment inside sensor A. 0, baseline; W, after 
NTG 


decreased TcPO, values, as in previous experiments 
(Fig. 5). 

In all these experiments, topical nitroglycerin did not 
produce any weal and flare, clinical vasodilation, or 
oedema. 


Discussion 


In spite of recent advances in wound care and effective 
topical and systemic antibiotics, the fundamental prob- 
lems leading to chronic skin ulceration are not easily 
corrected. Ischaemia appears to cause or perpetuate 
most chronic ulcers, such as those associated with 
arterial insufficiency, pressure, and microvascular 
damage. Thus, topical agents that could selectively 
increase blood flow at the ulcer site are an attractive 
therapeutic modality. Topical nitroglycerin is an effec- 
tive cutaneous vasodilator and there have been isolated 
reports suggesting that nitroglycerin ointment can help 
heal chronic ulcers. Wheeland et al.° reported that the 
use of topical nitroglycerin in three patients with chronic 
digital ulcerations from various causes led to healing of 
the ulcers in all three patients. Rinieri reported that the 
use of topical nitroglycerin in the wounds was followed 
by improvement in 10 patients with arterial or venous 
ulcers.’ Topical use of nitroglycerin has been suggested 
in the treatment of Raynaud’s disease and trophic ulcers. 
However, no controlled prospective studies have been 
done, although one prospective study did find that 
topical nitroglycerin improved the symptoms of inter- 
mittent claudication in patients with arterial insuffi- 
clency but without ulcers.’ 

In this study, we demonstrated the effect of topical 


nitroglycerin on oxygen delivery to the skin, as mea- 
sured by transcutaneous oxygen (TcPO2). TcPO, 
measurements have generally been recorded using a 
sensor temperature of either 37°C or 42-45°C. The 
latter temperatures, which are used more frequently, 
cause maximal vasodilation and, thus, maximal TcPO). 
A temperature of 37°C allows a more physiological 
vessel tone and was therefore used in this study. Initially, 
we studied volar forearm skin. However, TcPO; 
measurements at 37°C were extremely low at this site at 
1-5 mmHg. In our experience, baseline measurements 
less than 5 mmHg are not reliable. Therefore, we studied 
the infraclavicular area, where readings proved gener- 
ally to be higher than the forearm. 

We were unable to study the direct effect of the 
ointment on the area of skin to which it was applied. 
Although topical nitroglycerin applied inside the sensor 
ring raised TcPO, dramatically at that site, similar 
though less marked results were obtained with petrola- 
tum. It is unlikely that petrolatum would have an 
immediate effect on blood flow and oxygen delivery, and 
we suspect electrode Interference as the cause of this 
artifactual rise in TcPO.. It is also possible that the 
nitroglycerin vehicle or petrolatum caused small leaks 
between the skin and sensor rings, which would increase 
TcPO,. We believe that nitroglycerin may have 
increased TcPO2 at the exact site where it was applied, 
but this was not testable with our methodology. 

We did find, however, that a ‘steal’ phenomenon 
occurs in skin sites immediately adjacent to or up to 
several centimetres away from the application of nitro- 
glycerin. As each sensor ring is 3-0 cm in diameter and 
the distance between each ring was 1:0 cm, the 
nitroglycerin-mediated TcPO, shunt is observed up to 
9-0 cm away from the site of ointment application. The 
TcPO, steal was marked when liberal amounts of 
nitroglycerin ointment were applied, as may occur in the 
clinical situation. When a smaller quantity of nitrogly- 
cerin was used, the steal effect was less marked. Thus, 
the TcPO, steal we have demonstrated may be dose- 
dependent. TcPO; steal also occurred when the nitrogly- 
cerin was applied directly inside sensor A (Fig. 4). 

We do not know whether topical nitroglycerin can 
heal chronic ischaemic ulcers. Some published reports, 
though anecdotal, suggest that it may help, but we 
advise caution in its use for these ulcers. Such ulcera- 
tions are likely to be in a delicate balance of blood flow 
and oxygen delivery, which nitroglycerin could shunt 
from more ischaemic areas to the healthier microvascu- 
lar bed adjacent to or underlying the ulceration. There is 
a need for prospective studies of topical nitroglycerin in 


chronic skin ulcers with concomitant measurements of 
blood flow and TcPOQ>. 
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Summary 


Percutaneous absorption of hydrocortisone was measured in four children and three adults with 


atopic dermatitis after the application of 1% hydrocortisone cream and again 12 h after the 
application of a moisturizer containing 80% water and 5% propylene glycol to the same areas. A 
significant increase in the level of the plasma cortisol was observed after both applications and these 
levels were still elevated at 24 h. Topically applied hydrocortisone, stored in eczematous skin, could be 
released from this reservoir by a moisturizer containing propylene glycol. 


The stratum corneum retains topically applied sub- 
stances and can act as a reservoir. This was first 
demonstrated for a glucocorticosteroid using a modified 
vasoconstrictor test. In healthy skin, the reservoir of 
hydrocortisone may last for several days* but little is 
known of how the reservoir is influenced by eczematous 
dermatitis. The present study investigated the reservoir 
function of the skin by measuring the percutaneous 
absorption of hydrocortisone in patients with atopic 
dermatitis. 


Methods 
Patients 


Percutaneous absorption of hydrocortisone was studied 
in four children and three adult patients admitted to 
hospital with an exacerbation of their atopic dermatitis. 
Their ages varied from 4 months to 39 years. At the time 
of the absorption tests, dermatitis was scored by grading 
the erythema and excoriations separately: O, none; 1, 
mild; 2, moderate; 3, severe. The sum of these scores 
ranged from 3 to 5 (median 4). The extent of dermatitis, 
as assessed by a burn assessment chart ranged from 60 
to 90% (median 90%) (Table 1). The study protocol was 
approved by an ethical committee. All patients or their 
parents gave their informed consent. 


Plasma cortisol determination 


The plasma cortisol levels were determined by [!?°I]- 
radioimmunoassay (Farmos Diagnostica, Turku, Fin- 
land). In this test the cross-reactivity with dexametha- 
sone was less than 0:005%. 
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Absorption test 


The percutaneous absorption of hydrocortisone was 
measured in the acute phase of dermatitis using a 24-? or 
28-h absorption test. Patients were hospitalized and 
topical glucocorticosteroid therapy withheld for at least 
36 h preceding the test. Cortisol secretion was first 
suppressed by oral dexamethasone.’ The dose of dexa- 
methasone was 0:25 mg for a body surface area of <0-5 
m?, 0:5 mg for 0:5-0:99 m?, 0:75 mg for 1:0-1:49 m? 
and 1 mg for a body surface area of >1:5 mê. 
Dexamethasone was given at 19.00, 01.00, and 07.00 
prior to taking the first blood sample, and thereafter 
every 6 h. The highest acceptable plasma cortisol level at 
the beginning of the test, i.e. the lower limit of basal 
cortisol was 200 nmol/l.? No side-effects of dexametha- 
sone were noted. The blood samples for cortisol determi- 
nation were taken through an intravenous plastic 
cannula in the morning before the application of 1% 
hydrocortisone cream at 08.00-09.00 and at 2, 4, 12, 
14, 16 and 24 h afterwards. In adults, blood samples 
were also taken at 26 and 28 h after the application. The 
amount of 1% hydrocortisone cream needed for topical 
treatment was recorded for each child (range 33-59 g) 
and 50 or 75 g was used on the adults. The proprietary 
cream base contained white petroleum jelly, macrogol 
400, cetostearol, cetomacrogol 1000 and methyl para- 
hydroxybenzoate with 60% water. The same amount of 
moisture cream containing 80% water, 5% propylene 
glycol, vegetable oil, cetostearyl alcohol, polyethylene 
glycol monoesterase and diesterase and parabens, was 
applied immediately after taking the 12-h blood sample. 
In the three adults, the same amount of this cream was 
also applied immediately after the 24-h sample. After the 
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Figure 1. Hydrocortisone absorption curves 1 ie 

in seven patients with atopic dermatitis 

Hydrocortisone cream (H), 1%, was applted 

immediately after the basal sample (time 0). 

A moisturizing cream (M) was applied 

immediately after the 12-h sample. In 

Patients 5, 6 and 7, the moisturizer was also 

applied immediately after the 24-h sample. 

The patients are numbered according to age 

(No 1-7). 4 months, 8 months, 3, 7, 19, 20 P 
and 39 years TIME h 
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Table 1. Clinical details of patients 


Amount of 
Scores for cream (g) 
Covered by ee used m one 
Patient Sex/Age dermatıtıs (%) Erythema Excoriahons applicaton 
1 M/4 months 80 2 2 33 
2 M/8 months 60 2 1 36 
3 F/3 years 90 2 3 59 
4 M/7 years 90 3 2 41 
5 F/19 years 90 3 2 50 ’ 
6 F/20 years 90 2 2 75 
7 M/39 years 90 3 l 75 


applications, the patients wore loose cotton pyjamas. No 
occlusion was used. 


Statistical analysis 


The data are presented for each individual. Statistical 
comparisons were performed using Friedman’s non- 
parametric analysis of variance.* 


Results 


The effect of the adrenocortical suppression caused by 
dexamethasone was seen in the subnormal (<200 
nmol/l) morning basal levels of plasma cortisol of all the 
patients (range 19-163 nmol/l). The application of 1% 
hydrocortisone cream was followed by a rise in levels of 
plasma cortisol within 4 h (Fig. 1). Plasma cortisol levels 
had declined at 12 h. The application of the-moisture 
cream immediately after taking the 12-h blood sample 
was followed by a rise in levels of plasma cortisol within 
4 h. A further decline in plasma cortisol was observed at 
24 h (Fig. 1). The changes between the 0-, 4-, 12-, 16- 
and 24-h values were significant (P=0-0005). There 
was no rise in levels of plasma cortisol in the three adults 
after the application of the moisturizer immediately after 
taking the 24-h blood sample (Fig. 1). 


Discussion 

-Our study confirms previous findings that topically 
applied hydrocortisone may be absorbed at high levels in 
severe and widespread dermatitis. >° The present find- 
ings also show that topically applied hydrocortisone is 
stored in the eczematous skin. Twelve hours after the 
application of hydrocortisone, but not at 24 h, the 
absorption of hydrocortisone from this reservoir could be 
significantly increased by the application ofa moisturizer 


containing 80% water and 5% propylene glycol. Propy- 
lene glycol is known to increase the penetration of the 
skin by hydrocortisone from an aqueous hydrophilic 
ointment.°® 

Because of the passive diffusion of hydrocortisone 
through the skin, the plasma levels of cortisol reflect the 
concentrations of the drug in the dermis and viable 
epidermis, where the pharmacological response is 
evoked. Elevated plasma levels of hydrocortisone 24 h 
after application suggest that a single daily application 
provides enough hydrocortisone for 24 h in the topical 
hydrocortisone therapy of atopic dermatitis. The absorp- 
tion may be aided after 12 h by applying a moisturizing 
cream. 
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Summary 


The effect of isotretinoin (Roaccutane) on serum steroids and urinary steroid metabolites was 


investigated in seven female patients receiving the drug for treatment of severe acne over a 16-week 
period. Serum concentrations of dehydroepiandrosterone sulphate (DHAS), androstenedione (A2), 
and free androgen index (FAI) were not significantly altered. There was a significant fall in 
testosterone during treatment and a significant reduction in the 24 h urinary excretton of 
androsterone, tetrahydrocortisone (THE) and tetrahydrocortisol (THF) from week 8 onwards and for 
aetiocholanolone and allo-THF from week 12 (P<0-05). Although pretreatment levels of urinary 
steroid metabolites were not abnormal, the ratios of the 5«/58 metabolites (androsterone:aettocho- 
lanolone and allo-THF:THF) were at the upper limit.of the reference range and were lowered after 
treatment, suggesting that 5a-reductase activity is sensitive to isotretinoin. 


Isotretinoin suppresses sebaceous gland activity by 
blocking the differentiation of basal cells into sebocytes.? 
The exact mechanism ts not known but because these 
glands are androgen-responsive the effects of isotreti- 
noin on androgens have been investigated. A number of 
studies suggest that sebaceous gland inhibition is not 
hormonally related but may cause secondary changes in 
the activity of the skin steroid 5a-reductase.* To obtain 
more information on the response of steroid 5a-reduc- 
tion to treatment with isotretinoin we measured urinary 
steroid metabolites by capillary column gas liquid 
chromatography and serum androgen levels (testo- 
sterone, androstenedione (A2), and dehydroepiandro- 
sterone sulphate (DHAS)) by radioimmunoassay during 
the course of 16 weeks of therapy with isotretinoin 
(Roaccutane). 


Methods 
Subjects 


Seven women, median age 26-7 years (range 18-44. 
years) with persistent acne that was non-responsive to 
antibiotics were studied. All were using barrier methods 
of contraception and had a normal menstrual pattern 
with regular cycles of between 21 and 35 days. There 
was no evidence of hirsutism, hair loss or virilism. 


Correspondence: Dr M.Rademaker, Department of Dermatology, 
Glasgow Royal Infirmary, Glasgow G4 OSF, U.K. 


Pretreatment liver function and fasting serum lipids 
were normal and remained so during treatment. All ` 
seven women were given a 16-week course of isotreti- 
noin (Roaccutane, Roche Products Ltd) at a dose of 1 
mg/kg/body weight per day. The mean total acne grade? 
before starting was 3-5 (95% confidence interval, 0-3- 
6:6) with a mean facial grade of 1-4 (O0:1~2:7). Twenty- 
four-hour urine samples were collected immediately 
before starting the drug and at 4-weekly intervals 
thereafter. Facial and total acne were also scored at 
monthly intervals.? 


Hormone analysis 


Sex hormone binding globulin (SHBG) was measured by 
time-resolved fluoroimmunoassay (‘Delfia’ SHBG kits, 
Pharmacia). Testosterone, DHAS and A2 were mea- 
sured by conventional ‘in house’ radioimmunoassays. 
Derived free testosterone levels were calculated from the 
total testosterone and SHBG according to the method of 
Nanjee and Wheeler.* Urinary steroid profiles analysis 
was performed by capillary column chromatography by 
a method similar to that of Bevan et al. Separation of 
steroid methyloxime-trimethylsilyl ether derivatives was 
carried out on a model 438 gas chromatograph (Packer- 
Becker BV, Delft, The Netherlands) fitted with a ‘Flexsil’ 
25 mx0:32 mm capillary column coated with OV-1 
(Phase-Sep, Queensferry, Clwyd). Measurements were 
made of the most abundant androgen metabolites 
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(androsterone, aetiocholanolone) and glucocorticoid 
metabolites (tetrahydrocortisone (THE), tetrahydro- 
cortisol (THF), and allo-tetrahydrocortisol (allo-THF)). 
Ratios of 5a:58 pairs (i.e. androsterone: aetiocholano- 
lone and allo-THF:THF ratios) were calculated to pro- 
vide an index of exogenous 5a-reductase activity. 


Statistics 

Results are presented as mean -+standard error of the 
mean (95% confidence interval). Statistical analyses 
were by the non-parametric tests of analysis of variance 
and by the Wilcoxon sign-rank test. 


Results 


Acne was virtually abolished in all patients by the end of 
the 4-month treatment period; the mean total acne score 
was 0:25 (—0-05-0°'5) and the mean facial acne score 
was 0-07 (0:02-0:12). All patients experienced the 


common side-effects of isotretinoin (dry lips and eyes) 
but remained well throughout the treatment period and 
experienced no significant alteration of their liver func- 
tion tests or fasting serum lipids. Menstrual patterns did 
not change. 

The effects of isotretinoin treatment on serum andro- 
gens and SHBG concentrations are shown in Table 1. 
The mean baseline concentrations of testosterone, 
DHAS, and SHBG were normal while a modest elevation 
in A2 was observed (due to an abnormally high A2 level 
of 16-1 nmol/l in one patient suspected of suffering from 
polycystic ovarian disease; others were all within the 
normal range 0:6—8°8 nmol/l). The mean androstene- 
dione concentration fell during treatment; this fall was 
not significant and was largely due to normalization of 
serum A2 in the patient with an elevated pretreatment 
level. Over the 16-week treatment period there was a 
significant fall in serum testosterone at weeks 8 and 16 
(P<0:05). 


Table 1. Serum steroid concentrations 


Weeks (mean +SEM) of seven female patients with 
severe acne during a 16-week course of 
Hormone (reference range) Baselme 4 8 12 16 isotretinoin therapy (1 mg/kg/day) *P<0-05 
compared with baseline 
Testosterone 
(1-3-2 nmol/I) 1:9403 1-7402 1:240°1*% 15+02 £1:340-1* 
Dehydroepiandrosterone 
sulphate (2-11 mol/l) 7:4418 10738 77416 79+20 721:7 
Sex hormone binding 
globulin 
(30-120 nmol/l) 79+19 71417 71421 7021 71+20 
Androstenedione (nmol/l) 
(0-6-8-8 nmol/l) ~ 9-4423 8-1+41-4 75411 8-942-4 7:-441°8 
Free androgen index 
(0-8 + 5-2) 34414 28407 25+0°6 35415 2441:] 
Table 2. Total 24 hour urinary excretion of 
Weeks steroids (mean +SEM, pg/24 h) of seven 
female patents with severe acne during 
Hormone (reference range) Baseline 4 8 12 16 a 16-week course of isotretinoin therapy 
(1 mg/kg day). *P<0-:05 compared with 
Androsterone baseline 
(1029 +457 ug) 12054286 10904226 5964121* 5384664" 6644194* 
Aehocholanolone 
(13354525 ug) 10864241 11754288 7304157 6094207* 740+50* 
Tetrahydrocortisone (THE) 
(3221+946 ug) 27084527 2855+759 1480+234*1553+322 1587+292" 
Tetrahydrocortisol (THF) 
(16174525 pg) 13314218 12984246 7784161" 8354214 7504133" 
Allo-Tetrahydrocortisol 
(allo-THF) 


(1008 +491 ug) 12934302 12124439 572+184 


4504+101* 5484117" 
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Figure 1. Ratio of 5@:58 urinary steroid metabolites (mean +: SEM) in 
seven female patients with severe acne during a 16-week course of 
isotretinoin therapy (1 mg/kg/day) (*P<0-05 from baseline). WE, 
androsterone: aetiocholanolone; A, allo-THF: THF. 


Total 24-hour excretion of the selected steroid meta- 
bolites are shown in Table 2: the baseline concentrations 
of the patients were within the expected limits for normal 
women. Over the study period, a marked reduction in 
urinary steroid metabolites was observed with signifi- 
cant falls of androsterone, THE and THF from week 8 
onwards and aetiocholanolone and allo-THE from week 
12 (P<0:005). 

Baseline ratios of both androsterone: aetiocholano- 
lone (1:12-0:09) and allo-THF:THF (0-89+0-05) 
were at the upper limit of normal (normal mean values 
0-65+0°2, range 0:35-1:15 and 0:62+0:2, range 
Q0-2-1-:0, respectively). These high ratios fell signifi- 
cantly during treatment (Fig. 1). 


Discussion 


A number of studies suggest that sebaceous gland 
involution induced by isotretinoin is not androgen- 
mediated. This conclusion is based on the lack of any 
dramatic effect of the drug on circulating precursor 
androgens. Lookingbill et al.* found that serum andro- 
gens testosterone, DHA and DHAS were not altered by 
treatment although an increase in free testosterone was 
found and Matsuoka et al.® found no change in circulat- 
ing concentrations of cortisol, androstenedione, DHA 
and DHAS. Some of these findings are confirmed in this 
study where no significant change in DHAS, androstene- 
dione and free androgen index occurred on treatment. 


We did however find a small but significant fall in the 
serum level of testosterone. 

A more significant inhibitory effect was observed? on 
production of 5a androgens (dihydrotestosterone and 
3a-androstenediol glucuronide in women; 3a-androste- 
nediol glucuronide in men) and this was thought to be 
due to the reduction in size of the sebaceous gland. We 
have previously reported significant but small reduc- 
tions in serum dihydrotestosterone in women on Isotreti- 
noin.” Whether or not isotretinoin has a direct effect on 
steroid 5a-reduction in vivo has, until now, been uncer- 
tain. In vitro studies of testosterone metabolism in 
hamster flank organ showed lack of inhibition of 5a- 
reductase by isotretinoin® but in female rats isotretinoin 
treatment caused a decrease in steroid 5a-reductase 
activity in both skin and liver.? In cultured human 
prostatic cells 5a-reductase can be inhibited by retinoic 
acid through competitive inhibition of cofactor action 
(NADPH)’® yet in men circulating dihydrotestosterone is 
unchanged throughout isotretinoin therapy.* 

In the present study marked reductions in the major 
androgen and glucocorticoid metabolites were found at 
the same time as decreased levels of 5a-reduction. 5a- 
reduction of androgens occurs in the peripheral tissues 
as well as the liver while glucocorticoids are mainly 5a- 
reduced in liver. It is therefore unlikely that these 
changes can be accounted for solely by drug-induced 
reduction in the size of the sebaceous gland and a direct 
effect on liver 5a-reduction is postulated. A clue as to 
how these aspects of steroid metabolism are related is 
given by recent reports on steroid metabolism in women 
with hirsutism and polycystic ovatian disease.‘!-1* In 
such patients it is postulated that increased 5a-reduction 
in the liver enhances hepatic cortisol metabolism and 
circulating cortisol concentrations are maintained 
within normal limits by increasing the secretion of 
corticotrophin which simulates adrenal production of 
both glucocorticoids and androgens. It may be that, by 
inhibiting 5a-reduction within the liver, isotretinoin 
reduces cortisol excretion, and thereby reduces cortico- 
trophin secretion, the stimulus for adrenal steroid 
production. Alterations in steroid metabolism of a 
similar nature occur in patients suffering from acute 
intermittent porphyria but in this case 5a-reduction may 
be secondary to endogenous rather than exogenous 
factors.?? 

Further work is required to verify and extend these 
findings. It is of course possible that the observed effects 
on steroid metabolism are related to the as yet unknown 
mechanism of action of retinoids in controlling cell 
differentiation. 
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Summary 


Information concerning the operation of 134 PUVA units in 96 dermatology centres in the U.K. was 


collected by a postal questionnaire. The most common protocol was to give PUVA three times weekly 
in the treatment of psoriasis, and to choose the initial dose of UVA according to skin type. However, the 
initial UVA dose encompassed a range of five or more within each skin type. 


Since its introduction in the 1970s! oral psoralen 
photochemotherapy (PUVA) has become an established 
second-line treatment for psoriasis. Certain components 
of the treatment protocol appear to have been standard- 
ized, such as the dose of psoralen and the timing of UVA 
exposure after psoralen administration.” However, other 
equally important components, such as the method of 
choosing the initial dose of UVA, and the frequency of 
treatment, are known to show considerable variation 
between centres. In particular, two treatment protocols 
have been widely described: that used in the United 
States? in which the starting dose of UVA ts chosen 
according to skin type and treatment is given two or 
three times each week; and that said to be used in 
Europe* in which the minimal phototoxic dose is 
determined before treatment and which is then given 
four times each week. It has been suggested*° that 
differences in these treatment protocols may account for 
the variation in incidence of non-melanoma skin cancer 
found in follow-up studies of PUVA treated patients.”* 

There are no published data concerning the method- 
ology of PUVA treatment employed in the U.K. We now 
report the results of a postal questionnaire designed to 
determine the location and make of PUVA units, and 
their operation in the treatment of psoriasis. 


Methods 


In November 1989 a questionnaire was sent to 170 
consultant dermatologists in the U.K. Names and 
addresses were obtained from the office of the British 
Association of Dermatologists and, to avoid duplication 
of responses, the questionnaire was sent to only one 
representative dermatologist at each hospital centre. 


Correspondence: Dr P.M.Farr, Department of Dermatology, Royal 
Victoria Infirmary, Newcastle upon Tyne NEI] 4LP, U.K. 


The questionnaire sought information concerning the 
number of ‘whole body’ PUVA units in use at each 
centre, their location within the hospital and the 
manufacturer of the PUVA equipment. Three further 
questions concerned the frequency of treatment and the 
method of choosing the initial dose of UVA. 


Results 


Of the 170 questionnaires that were sent, 132 (78%) 
were returned giving information on 134 PUVA units 
located in 96 different dermatology centres. In 36 cases 
PUVA treatment was not available locally and five 
replies indicated that patients were sent elsewhere for 
treatment. The majority (67%) of the 96 centres with 
PUVA used one ‘whole body’ unit, 28% used two and 5% 
used three. PUVA treatment was performed in the out- 


Table 1. The manufacturers and numbers of PUVA units in the U.K. 


Number of 
Unit Manufacturer units 
PUVA series (e.g. PUVA 6002) H Waldmann GmbH. 83 


(Germany) 
London Photochemotherapy Previously Rank Stanley 24 


Apparatus Cox, then Duffield Medical 
Lid (U.K.) No longer 
manufactured 

Blacklight Sertes II Coast-Air Ltd (U.K.) 14 

Dermalight (previously Dr Honle (Germany) 5 

called ‘Bluelight’) 

Photochemotherapy Apparatus Canterbury Instruments 1 
(U.K.) 

Other Unknown manufacturer 7 


or ‘home made’. 
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Table 2. The doses of UVA given at the start of a course of PUVA to clear 
psoriasis. Values are the percentage of the 76 treatment centres that 
choose the starting dose of UVA according to skin type 

Starting dose of UVA (J/cm?) 


Skin type <05 05 1-0 15 2:0 25 30 3:5 4:0 4:5 


I 3 62 13 20 2 0 0 0 0 =O 
H 0 34 38 3 4 21 0 0 0 Ọ 
m 0 7 34 25 7 2 619 O O 
IV 0 8 15 15 23 6 8 6 1 18 


patient area in 47% of centres, in the dermatology ward 
in 23% and in the physiotherapy department in 30%. 
The number of PUVA units according to the manufac- 
turer is shown in Table 1. 

For a course of treatment to clear psoriasis, PUVA was 
given twice a week in 24 centres, three times a week in 
67 centres and four times a week in one centre. The 
question concerning frequency of treatment was not 
answered in responses from four centres. At the start of 
the course a fixed dose of UVA, irrespective of skin type, 
was used in 15 centres. The starting dose was chosen 
after measurement of the minimal phototoxic dose in five 
centres. In the remaining 76 cases, the starting dose of 
UVA was based upon the skin type of the individual 
patient. The variation in doses chosen for patients with 
different skin types is shown in Table 2. 


Discussion 

The response rate of 78% ensures that the information 
received concerning PUVA treatment in 96 different 
dermatology centres is representative of PUVA treat- 
ment in the U.K. PUVA treatment was not available 
locally in 28% of-centres and many of the returned 
questionnaires indicated that unsuccessful requests for 
funding had been made. That dermatology centres 
without PUVA form such a small minority may be useful 
information in future applications for funding. 

In the U.K., UVB phototherapy of psoriasis is most 
commonly performed within physiotherapy depart- 
ments (B.L.Diffey, A.F.McKinlay, unpublished data), 
whereas it appears from our results that PUVA treat- 
ment is performed largely within dermatology depart- 
ments, This may reflect the need or desirability for closer 
_ dermatological supervision of PUVA treatment than 
UVB phototherapy. 

The question concerning the manufacturer of PUVA 
equipment was included princtpally to determine the 


prevalence of units that contained filtered metal halide 
lamps (Dermalight) as opposed to conventional UVA 
fluorescent lamps (all other manufacturers). Direct 
comparisons of therapeutic response to these two UVA 
sources have not been made but recent work suggests 
that the bias towards longer-wavelength UVA, as 
obtained from metal halide Jamps, may be less effective 
than conventional fluorescent sources.’ It is clear that 
the majority of PUVA units used in this country are 
manufactured by the German company Waldmann 
GmbH. Despite the fact that PUVA units were being 
manufactured in the U.K. by the mid 1970s, British 
industry has not secured more than a small share of the 
market. 

The early protagonists of PUVA therapy stressed the 
importance of careful dosimetry and the need to base 
starting doses of UVA on either skin type or the results of 
phototesting./° It is surprising, therefore, that the start- 
ing doses of UVA that were reported in our survey 
encompass a range of five or more within each skin type. 
Intercomparisons of UVA dosimetry in the U.K.,”? 
Belgium?’ and France!’ have shown a wide range in the 
accuracy of UVA measurement in PUVA centres, such 
that the irradiance measured by any single UVA meter 
may be between 0-5 and 1:5 times the true irradiance. It 
is possible that if the accuracies of the UVA meters used 
in each of the 96 centres represented here were known 
and corrected for, the real range in starting doses might 
be less. 

It is clear that in the U.K. there is great variation in the 
methodology of PUVA treatment for psoriasis. The 
majority of treatment centres base the starting dose of 
UVA on skin type, as in the protocol originally devised in 
the United States. However, interpretation of studies of 
long-term hazards of PUVA therapy may be difficult 
because of the apparently large variation in choice of 
UVA dose between centres. Clinical trials are still needed 
to identify the PUVA treatment protocol that allows the 
most efficient clearance of psoriasis. 
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CD 271, a naphthoic acid, is a powerful modulator of epidermal differentiation. This double-blind, 
randomized study compared the efficacy and safety of two concentrations (0:03% w/w and 0-1% w/ 
w) of CD 271 alcoholic gel, with 0:025% w/w tretinoin gel in 72 male patients with acne vulgaris over 
a period of 12 weeks. Efficacy was measured by counting facial inflammatory and non-inflammatory 
lesions and by grading the severity of the acne at each visit. Skin tolerance was assessed with 
subjective symptoms, such as burning and pruritus, as well as clinical assessment of erythema, 
dryness and scaling on the treated areas. The alcoholic 0-1% CD 271 gel was as effective as 0-025% 
tretinoin gel in reducing total comedone counts (83% reduction for both products after 12 weeks’ 
treatment). The reduction in the number of inflammatory lesions and the total number of acne lesions 
were significantly greater with 0:1% CD 271 gel than with tretinoin gel (69% and 79% for 0-1% CD 
271, 50% and 73% for tretinoin gel, respectively, P<0-05). All three treatments were well tolerated 
and there were no changes in any major blood parameters. No CD 271 could be detected in blood 


plasma at the end of the study (detection Iimit=1 ng/ml). 


Acne vulgaris is a multifactorial disease where andro- 
gens, sebum and micro-organisms (Propionibacterium 
acnes) are involved in the production of lesions. All-trans 
retinoic acid has been. used for more than 20 years in the 
topical treatment of acne vulgaris and more recently 
topical 13-cis retinoic acid was also found to be effec- 
tive.! CD 271 is a synthetic naphthoic acid derivative 
and its anti-inammatory and comedolytic activity in 
animal models? indicated that it would be a promising 
compound for the topical treatment of acne. Unpub- 
lished vehicle-controlled clinical studies with CD 271 on 
acne patients showed a significant therapeutic efficacy. 
The purpose of this clinical study was to compare the 
efficacy and safety of 0-03% and 0:1% w/w CD 271 ina 
gel formulation to 0:025% tretinoin gel in the treatment 
of mild to moderate facial acne. 


Methods 


This study was carried out at the Warsaw Dermatologi- 
cal Clinic from October 1987 to March 1988. The 
protocol of the trial was approved by the local Ethical 
Committee. 


Correspondence: Dr M.Verschoore, CIRD Galderma, Sophia Antipolis, 
06565 Valbonne, France. 
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Seventy-two male patients with facial acne vulgaris, 
grade 1-3,° were included in the study and each gave 
written informed consent. Because of insufficient toxicity 
data on women at that time, no female patients were 
recruited for the study. The study was double-blind and 
randomized and compared three parallel groups of 24 
patients receiving either 0-03% or 0:1% CD 271 alcoho- 
lic gel or 0-025% tretinoin gel. Identical tubes were used 
for all three preparations. 

The patients’ mean age was 18:7 years (16-23 years). 
Before starting the study, the patients had not used any 
local acne treatment for at least 4 weeks or any systemic 
retinoid therapy over the previous 6 months. Patients 
were randomly assigned to treatment groups and the 
three study groups were found to be homogeneous with 
regard to age, skin type and initial lesion counts. The 
patients were instructed to apply the medication to their 
face each night, at least 15 min after washing and at 
least 1 h before retiring. The use of other topical or oral 
anti-acne treatment was prohibited during the study. 
The treatment lasted 12 weeks and clinical examin- 
ations were performed at 1, 2, 4, 8 and 12 weeks after 
the initial visit. The investigator assessed the severity of 
the facial acne by counting the lesions: closed com- 
edones, open comedones, papules, superficial pustules, 
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deep seated pustules, nodules and cysts. An overall 
clinical assessment was also carried out using the 
grading method as described by Burke and Cunliffe? and 
using photographs for reference. Side-effects were 
recorded at each visit and each of the following criterta, 
erythema, scaling, burning, pruritus and skin dryness, 
were scored from 0 to 3 (0, none; 1, mild; 2, moderate, 3, 
severe). At the final visit, each patlent was asked to 
evaluate his response to treatment. 

Blood samples were obtained before and at the end of 
the 12-week treatment period to determine the level of 
CD 271 in the plasma (detection limit sensitivity: 1 ng/ 
ml) and for a full blood investigation including: platelets, 
haemoglobin, proteins, electrolytes, urea, creatinine, 
glucose, bilirubin, AST (SGOT), ALT (SGPT), alkaline 
phosphatase, cholesterol and triglycerides. For the CD 
271 assay, the plasma was frozen at —20°C after 
separation and later analysed using HPLC with a 
fluorescence detector. 


Statistical analysis 


Before analysis the lesion counts were transformed into 
their square root to normalize their distribution. Analy- 
sis of covariance was performed with the baseline value 
as covariate. Two-tailed tests were performed and for the 
overall between-treatment comparison, the analysed 
parameters for each treatment were averaged across the 
different clinical examinations (weeks 1-12). A posterior! 
calculation showed that a difference of 14% between the 
CD 271 and 0-025% tretinoin groups for mean per cent 
reductions in lesion counts at week 12 had a probability 
of 80% of being detected for non-inflammatory and total 
lesion counts. For inflammatory lesions, the smallest 
difference that had an 80% probability of detection was 
20%. 


Results 


Efficacy 


The results for non-inflammatory lesions showed that 
0:1% CD 271 alcoholic gel was as effective as 0-025% 
tretinoin in reducing the number of non-inflammatory 
lesions with an 83% reduction by week 12 (Fig. 1, Table 
1). Their efficacy was significantly different from 0:03% 
CD 271 gel (P<0-01 and P<0-05, respectively). Closed 
comedones were reduced by all three treatments. How- 
ever, 0-1% CD 271 alcoholic gel was significantly more 
effective than 0-03% CD 271 alcoholic gel (P<0:-01). 


mean % dacrease 





weeks of the treatrnent 


Figure 1. Mean per cent change from baseline ın number of non- 
inflammatory lesions. @, 0:025% tretinoin: m, 0-03% CD 271; @, 
0-1% CD 271. 


Tretinoin gel (0-025%) and 0-1% CD 271 alcoholic gel 
produced identical reductions in the number of closed 
comedones. 

Open comedones were significantly reduced by all 
three treatments (P<0-01) and there were no between- 
group differences. After 3 months of treatment, four 
patients treated with 0-1% CD 271 gel and three with 
0:025% tretinoin gel were completely cleared of non- 
inflammatory lesions. 

Inflammatory lesions were significantly reduced by all 
three regimens (Fig. 2, Table 1). However, 0:1% CD 271 
alcoholic gel was significantly more effective against 
inflammatory lesions than 0:025% tretinoin gel (69% 
and 50% reduction at week 12, respectively, P<0-05). 
A marked decrease in the inflammatory lesion count was 
produced after 1 week of treatment with both CD271 
concentrations (Fig. 2) with a marked dose-related 
response. At this early stage of treatment, half the 
patients treated with 0-025% tretinoin gel had a 
transient flare-up of their lesions, mainly papules. CD 
271 gels 0-1% and 0:03% were significantly more 
effective than tretinoin on the inflammatory lesions at 
week 1 (P<0-01 and P<0-05, respectively). 

The total lesion count was significantly reduced by all 
three treatments. The total lesion number was signifi- 
cantly more reduced with 0-1% CD 271 alcoholic gel 
(79% reduction) than with 0-025% tretinoin gel (73% 
reduction, P<0-05), and a dose-related response was 
again observed for CD 271. The global grading method 
(Table 1) was less sensitive than counting the acne 
lesions and could not detect any difference between the 
groups treated with 0-1% CD 271 gel and 0:025% 
tretinoin gel. 
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Treatment groups Pretreatment Post-treatment 


Non-iInflammatory lesions 


0-03% CD 271 (n=24) 94-3 (411-1) 276 (+4-6) 


0-1% CD 271 (n=24) 
0-025% Tretinoin (n= 24) 


1134(414:5) 197 (455) 
99-7(+15°8) 168 (+22) 


Inflammatory lesions š 
49-8 (+5-0) 21-7 (+42 4) 


0-03% CD 271 (n=24) 

0-1% CD 271 (n=24) 48-2 (+43) 15-0 (421) 

0 025% Tretinoin (n=24) 41-3 (43-0) 20:6 (+21) 
Global grade 

0-03% CD 271 (n= 24) 1-61 (40-06) 0-80 (+0 10) 

0-1% CD 271 (n=24) 1-49 (+0-07) 0-45 (40-05) 

0-025% Tretinoin (n=24) 1-95 (40-13) 0 86 (40:17) 


mean % decrease 





0 1 2 4 8 12 
weeks of the treatment 


Figure 2. Mean per cent change from baseline m number of 
inflammatory lesions. @, 0-025% tretinoin; W, 0-03% CD 271, ©, 
0-1% CD 271. 


Side-effects 


All patients in the study completed a 3-month course of 
treatment. One had severe, but transient erythema with 
0:1% CD 271 alcoholic gel and one with 0:025% 
tretinoin gel. Mean skin safety scores at week 1 (Table 2) 
show that 0-1% CD 271 provoked more scaling than 
0-025% tretinoin gel and this difference was significant 
throughout the treatment period. In those treated with 
0-1% CD 271 there were slightly more cases with 
burning sensations than in those treated with 0-03% CD 


treatments (week 12) 


Table 1. Means (+SE) of non-inflammatory 
and inflammatory lesions and global grades 
before and after 12 weeks’ treatment within 
each treatment group 


Significance of 
difference between 


0:1% CD >0-03% CD 


(P<0-05) 


0:1% CD=0 025% T 


01% CD >0 03% CD 


(P<Q-05) 


0:1% CD >0-025% T 


(P<0 05) 


0:1% CD >0-03% CD 


(P<0-05) 


0 1% CD=0-025% T 


Table 2. Mean skin safety scores at week 1 ın each treatment group 


0:03% CD 271 0-1%CD271 0-025% Tretinoin 
(n= 24) (n= 24) (n= 24) 
Erythema 1:0401 1:3402 1-0402 
Scaling 0:-6+0°2 1:340:2 0-8+0°1 
Pruritus 0-1+0-1 0:1+0-1 0-140-1 
Burning 13401 1-820 2 1-44+0°2 
Dryness 0-0 0-440-1 0-0 


271 and tretinoin. The mean erythema score was low for 
0-03% CD 271 and 0-025% tretinoin and slightly more 
for 0-1% CD 271, but this was not significant. The mean 
erythema scores declined significantly with time 
(P<Q-:01) over the 3-month treatment period. 

The subjective symptoms reported by some patients 
were described as a mild burning immediately after 
application, rather than persistent burning. This slight 
discomfort did not result in any of the patients disconti- 
nuing treatment. Mean pruritus and skin dryness scores 
were generally close to O at week 1 and varied little 
during the 3-month treatment period. Thus, the skin 
safety profiles of 0-03% CD 271 and 0:025% tretinoin 
were similar, whereas the 0-1% CD 271 tolerance score 
was slightly higher. 
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Patient self-assessment 


During the final visit, the clinician recorded the patient's 
-opinion of the treatment. This showed a preference for 
0-1% CD 271 alcoholic gel. There was no marked 
difference of opinion between 0:03% CD 271 and 
0-025% tretinoin gel. 


Systemic safety evaluation 


There were no significant abnormalities in the blood 
investigations carried out during treatment and no 
significant amounts of CD 271 could be detected in the 
plasma of patients receiving CD 271 (detection limit of 1 
ng/ml) on their last day of treatment. 


Discussion 


Topical tretinoin has been shown to be effective in 
reducing comedones in animal models and in acne 
patients.*:° A reduction of inflammation with topical anti- 
acne compounds can be achieved with anttbiotics’~!° 
and with isotretinoin.! During the preclinical screening, 
CD 271 showed both potent comedolytic properties 
_ using the rhino mouse and moderate to potent anti- 
inflammatory effects in different in vitro and in vivo 
models,** suggesting the compound would be effective 
in the treatment of acne. In the present study, 0-1% CD 
271 gel was demonstrated to be as effective as 0:025% 
tretinoin gel in reducing comedones in acne patients, 
and was shown to be superior to 0-025% tretinoin gel in 
reducing the number of inflammatory lesions. Further- 
more, a dose-response relationship was shown for the 
two CD 271 concentrations (0:03% and 0-1%). 

The skin safety profiles of CD271 and tretinoin were 
equally acceptable and no patient dropped out of the 
study because of side-effects during the 3-month treat- 
ment period. Additional studies are to be undertaken to 


further evaluate the safety and efficacy of CD 271. 
However, the present study suggests that 0:1% CD 271 
alcoholic gel may be an effective and safe treatment for 
mild to moderate acne vulgaris. 
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Summary 


The action spectrum for the induction of phototoxic erythema by treatment with 8-methoxypsoralen 


(8-MOP) and UVA peaks at around 335 nm. Because earlier investigations reported peak phototoxic 
activity at 365 om, we compared the antipsoriatic efficacy of 335 and 365 nm in an oral psoralen 
photochemotherapy (PUVA) regimen using a monochromator. PUVA with 335 nm was twice as 
effective as with 365 nm, with respect to both erythemogenicity and the cumulative dose required for 
clearing psoriasis. However, 335 and 365 nm were equally effective if delivered in equal erythema 
doses. It appears that in human skin the antipsortatic activity of 8-MOP parallels its erythemogenicity. 


Radiation sources in psoralen photochemotherapy 
(PUVA) are usually employed at peak wavelengths of 
between 350 and 355 nm and thereis abundant evidence 
that this band is effective in the treatment of psoriasis. 
The rationale for using this particular band of UVA is 
based on early psoralen photosensitization. experiments 
which have led to the assumption that the biological 
action spectrum ranges between 340 and 380 nm witha 
maximum at 365 nm.!? Later studies revealed maxi- 
_ mum erythema effectiveness in psoralen-sensitized gui- 
nea-pigs in the range of 330-350 nm.3* More recently, 
an action spectrum for phototoxic erythema with topical 
8-methoxypsoralen (8-MOP) was established which 
showed peak effectiveness at 330 nm.° Sunburn cell 
formation in mammalian epidermis® and phototumort- 
genesis’ induced by 8-MOP and UVA in hairless mice 
peak at 335 nm. In addition, maximum inhibition of 
epidermal DNA synthesis was demonstrated to occur at 
335 nm. Because it is commonly assumed that the 
suppression of DNA synthesis and cell division is decisive 
in suppressing the epidermal hyperproliferative stimulus 
in psoriasis,” 17 we compared the antipsoriatic efficacy of 
PUVA at 365 and 335 nm. 


Methods 

Patients 

Six patients with chronic plaque-type psoriasis were 
included in the study. They received total body PUVA 
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treatment according to the European PUVA study 
protocol.!? During the regular PUVA treatment the test 
areas selected for the present study were shielded. Three 
patients were treated concomitantly with etretinate (1-0 
mg/kg body weight)? because of the severity of their 
disease. No other topical or systemic treatment was used. 


Drug 


A liquid preparation of 8-methoxypsoralen (Oxsoralen, 
Gerot, Vienna, Austria) in soft gelatine capsules was 
administered orally in a dose of 0:6 mg/kg body weight 
1 h before irradiation. The level of this drug preparation 
in the serum peaks at 1 h. 


Irradiation source 


A Jobin Yvon HL monochromator (Jobin Yvon, Longju- 
meau, France) equipped with a Cermax 500 W Xenon 
lamp was used for phototesting and for subsequent 
treatments. The half bandwidth was 10 nm. Before each 
irradiation the irradiance was measured with a thermo- 
pile (Müller Elektronik-Optik GmbH, Moostnning, Ger- 
many). To avoid stray radiation of shorter wavelengths a 
1 mm Schott WG 335 glass filter was used with the 365- 
nm band. No filter was used for the irradiations with 335 
nm, because stray irradiation in the UVB range would 
not account for more than 1% of the emitted dose.'* The 
irradiances were approximately 1-1 mW/cm? in the 
335-nm region and 3-4 mW/cm? in the 365-nm region. 
Exposure times ranged from 2 to 30 min. 


Phototoxicity testing 


The minimal phototoxic dose (MPD) was determined in 
all six patients by exposing four areas to increasing doses 
of monochromatic radiation 1 h after ingestion of 8- 
MOP. Dose increments corresponded to standard MPD 
testing.!* MPD testing was performed for both wave- 
lengths, 335 and 365 nm, on the patients’ backs. Visual 
assessment of threshold erythema was done 72 h after 


exposure. 


Treatment protocols 


Treatment consisted of four exposures per week. Two 
10-cm? areas of a psoriatic plaque on the lower back 
which was covered during the regular total body PUVA 
treatment received either 335 or 365 nm radiation. A 
third area remained shielded as an untreated control. 
The patients were treated according to either protocol 1 
or to protocol 2 (see below). 


Protocol 1. One MPD of 335 nm radiation was used as the 
initial dose for both wavelengths. Because the MPD at 
335 nm was always lower than that at 365 nm, the 365 
nm-treated area always received suberythemogenic 
doses. Dose increments for both areas were adjusted 
according to the erythema reaction and/or the response 
of the psoriatic lesion at 335 nm. Both areas were treated 
until complete clearance was achieved in one of the 
treatment sites. 

For example, if the 335 nm MPD was 1 J/cm? this was 
also the initial dose for 365 nm; if the dose was Increased 
by 0-5 J/cm? in the 335-nm area, the dose in the 365- 
nm area was increased by the same amount. 


Protocol 2. The 335 nm-treated area was initially 
exposed to the 335 nm MPD and the 365 nm-treated 
area to the 365 nm MPD. Thus both areas were treated 
with equally erythemogenic UVA doses. Subsequently, 
dose increments were based on the response of the 
respective area. Treatment was continued until com- 
plete clearance was achieved in both areas. To avoid a 
possible bias from varying tissue levels of 8-MOP, the 
order of irradiation with 335 and 365 nm was alter- 
nated. 


Results 
MPD testing 


In all six patients the MPD with 335 nm was approxi- 
mately 50% lower than with 365 nm (Table 1). 


PUVA WITH MONOCHROMATIC RADIATION 373 


Table 1. Patient data 


MPD 335nm MPD 365 nm 


Patient Skin type (J/cm?) (J/cm?) Etretinate 
W.J. n 0-5 1-0 Yes 
M.L. IT 1:0 2:0 No 
P.F. HH 1-0 2:0 Yes 
H.L I 0-2 0°5 No 
R.H. I 0-5 1-0 Yes 
B.C. H 1-0 2:0 No 
Table 2. Protocol 1 
Wavelength Total cumulative Clearance of psonasis 

Patent (nm) UVA dose (J/cm?) (%) 
M.L. 335 20:5 100 

365 20-5 0 
P.F 335 9:5 100 

365 9°5 0 
W.J. 335 5-9 100 

365 5:9 Q 
Treatment 


Protocol 1. All three patients cleared completely in the 
335 nm-treated area but showed no response in the 
365-nm area. The cumulative UVA dose required for 
clearance at 335 nm ranged from 5-9 to 20-5 J/cm? and 
the number of treatments ranged from eight to 18 
sessions (Table 2). 


Protocol 2. All three patients cleared completely in both 
the 335 nm- and the 365 nm-treated area, after 8-30 
irradiations. The total cumulative doses ranged from 5-0 
to 43-4 J/cm? and from 10-0 to 83-0 J/cm’, respectively. 


Table 3. Protocol 2 


Total cumulative Reduction of 
Wavelength UVA dose (J/cm?) total UVA dose 

Patient (am) unti clearing (%) 

B.C. 335 43-4 — 44-4 
365 78°0 

HJ. 335 46:0 — 44 6 
365 83-0 

R.H. 335 5-0 — 50-0 
365 10/0 
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The UVA dose required for clearance was 45-50% lower 
in the 335 nm-treated area as compared to the 365-nm 
area in all three patients (Table 3). 


Discussion 

Improvements in photochemotherapy should aim at a 
reduction of side-effects with increased efficacy. Long- 
term side-effects in particular such as chronic actinic 
skin damage and cutaneous carcinogenesis can be 
assumed to depend on the photobtological properties of 
the photosensitizing compound and the total UVA 
dose.'> The phototoxic reaction of 8-MOP is carcinogenic 
in animals under certain experimental conditions and 
there is evidence that some groups of patients have an 
elevated risk of non-melanoma skin cancer after pro- 
longed PUVA treatment.'*!° New approaches in photo- 
chemotherapy include the development of treatment 
schedules which permit a reduction in the frequency of 
treatments and in the total UVA dose. New photoactive 
compounds with reduced cytogenetic hazards, and their 
combination with adjuvant therapy, such as the reti- 
noids have been used. A possible improvement may be 
achieved by the use of wavelengths other than those 
currently used which peak between 350 and 355 nm. 

In our study, MPD testing and the clinical results 
showed 335 nm to be twice as effective as 365 nm in oral 
PUVA. This indicates that the antipsoriatic activity and 
erythemogenicity of 8-MOP may have similar action 
spectra. The use of other furocoumarins has shown that 
phototoxicity erythema is not necessarily a requirement 
for clearing psoriasis.’” Earlier studies using topical 
psoralen demonstrated 335 nm to be four times as 
effective as 365 nm with regard to phototoxic erythema 
and sunburn cell formation. One possible explanation of 
this discrepancy is that the systemic use of 8-MOP may 
result in higher dermal 8-MOP levels, which in combina- 
tion with the better penetration of 365 nm compensate 
for the higher absorbance by 8-MOP at 335 nm. 

Half of the patients in this study were treated concomi- 
tantly with etretinate. However this is unlikely to have 
affected the results, because the reduction of the UVA 
dose at 335 nm as compared to 365 nm was always in 
the same order of magnitude regardless of whether 
retinoids were added or not. 

The question arises whether the higher efficacy of 
PUVA at 335 nm in clearing psoriasis may contribute to 
the greater long-term safety of photochemotherapy. The 
higher yield of tumours in hairless mice found when 8- 
MOP was used with irradiation between 320 and 335 
nm’ could be interpreted to show that higher efficacy in 


psoriasis is achieved at the expense of a higher risk of 
skin tumours. However, by varying treatment schedules 
and dosimetry it would be possible to determine the least 
harmful treatment protocol. 
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Summary 


We report 18 cases in which a pruritic, erythematous, papular and vesicular eruption developed on 


the ears following sun exposure. Four of these patients had, on other occasions, suffered from typical 
polymorphic light eruption. The clinical features, histological changes, and results of phototesting 
suggest that juvenile spring eruption of the ears is a localized form of polymorphic light eruption. 


Juvenile spring eruption of the ears (JSE) is a photo- 
dermatosis affecting mainly boys aged 5~12 years, and 
may occur in epidemics./ The eruption, which typically 
begins tn the spring, consists of pruritic erythematous 
papules affecting the ears, which may progress to 
vesicles and then crust and heal with little or no 
scarring. The eruption may give rise to cervical adeno- 
pathy. 

JSE has received scant attention in the literature but 
we do not belleve that the condition is rare. Although the 
disease is self-limiting and not, in itself serious, it may 
cause the patients considerable discomfort and concern. 
Furthermore, the differential diagnosis includes a spec- 
trum of other photodermatoses. 

The aetiology of JSE and its relationship to other 
photodermatoses have not been fully understood. In the 
few previous reports histological similarity to erythema 
multiforme has been emphasized,*? suggesting that JSE 
may represent a photo-induced variant of this condition. 

We report here the clinical features and investigations 
of a series of 18 cases of JSE. 


Case reports 


The cases are summarized in Table 1. They came to our 
attention at three different English dermatological 
centres in Leicester, London, and Middlesbrough. Cases 
l and 3 were presented at a meeting of the St John’s 
Hospital Dermatological Society and have been pre- 
viously reported.* All but one of our 18 patients were 
male. All had short hair at the time of the eruption, and 
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most had protuberant ears. All complained of recurrent 
episodes of redness, itching and blistering over the light- 
exposed areas of both ears (Fig. 1). The lesions usually 
appeared in spring and often persisted throughout the 
summer. Erythema and pruritus typically developed in 
the evening after exposure to the sun during the day, 
and, in severe episodes, progressed to blistering over a 
few hours. Most cases required no treatment, but some 
reduction in frequency and severity of attacks was 
obtained by the use of sun screens. 

Five cases demonstrating: additional features of par- 
ticular interest are described. 


Case 4 


A 29-year-old man presented in June complaining of 
recurrent blistering on the helices of both ears after 
commencing employment delivering milk early each 
morning in the spring. He had suffered an identical 
eruption throughout childhood, until the age of 12, that 
would appear within an hour of sun exposure and 
usually progress to blistering. 

Examination revealed a maculopapular or erythema- 
tous eruption with several vesicles over the helices of 
both ears. There was slight scarring from previous 
lesions. The ears were protuberant. 


Case 5 


An 11-year-old boy with a history of atopic dermatitis 
presented in May 1989, complaining of recurrent 
blistering on the ears since the age of 2 that would begin 
each spring and continue until June. On the evening 
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Figure 1. Case 3. Tense bullae on the helix. 





following sun exposure he would notice redness and 
pruritus of the ears. The following day papules and 
blisters, 4-6 mm in diameter, would develop. scab and 
heal during the following week leaving minimal scars 
with either increased or decreased pigmentation. Over 
the last 2 vears he had simultaneously been affected by a 
more generalized photosensitive, pruritic, erythema- 
tous, papular eruption over the face, backs of the hands, 
and knees, typical of polymorphic light eruption. 

This patient had two brothers who had developed a 
similar eruption affecting only the ears. A third brother is 
Case 6. His father had developed a similar eruption over 
the ears as a child. 


Case 6 


A 13-year-old boy, the brother of Case 5, had developed 
an eruption each year from the age of 2. Initially this 
involved the ears. face, knees and hands, but over the 2 
vears prior to presentation only the ears and face had 
been affected. The lesions on the ears were pruritic 
erythematous papules and blisters and elsewhere, there 
were pruritic erythematous papules. There was a history 
of hay fever. 


Case 10 


An 8-year-old boy presented in April 1989 with a 
pruritic erythematous, papular and vesicular eruption 
over the helices of both ears. This had developed each 
spring from the age of two and persisted throughout the 
summer. In June 1989, during a sunny period, he 
developed for the first time a maculopapular erythema- 
tous and pruritic rash over both thighs and upper limbs 
which resolved without treatment after 48 h. A biopsy 
from the helix of an ear 18 h after the eruption began is 
described below. 

His brother had a similar eruption over the ears on one 
occasion at the age of 5. 


Case 18 


A 58-year-old man of fair complexion gave a history of a 
red, pruritic blistering eruption on his ears from 8 years 
of age. This would occur mainly during summer holi- 
days in coastal or mountainous regions and occurred 
intermittently until the age of 53. The eruption would 
settle spontaneously within 2 weeks of returning home. 
In addition, during a holiday in Yugoslavia at the age of 
43, he first developed a pruritic erythematous maculopa- 
pular eruption over the limbs and other sun-exposed 
areas. This continued to develop following exposure of 
the limbs to the sun during holidays, and resolved within 
5 days of returning home. Symptomatic improvement 
was obtained from topical antihistamines, topical steroid 
preparations and chloroquine. A similar widespread 
eruption had affected two daughters and a sister. 


Porphyrin levels and autoantibodies (Cases 1, 3-8, 11, 12) 


Porphyrin levels in blood, urine and stool, and antinuc- 
lear antibodies, including anti-double-stranded DNA, 
anti-SSA and anti-SSB titres were normal. 


Histology: Cases 4 and 10 


Case 4. There was a dense, predominantly perivascular 
and periadnexal lymphohistiocytic infiltrate throughout 
the dermis (Fig. 2). In places subepidermal spongiotic 
vesicles were seen. Immunofluorescent staining revealed 
no abnormal deposition of immunoglobulin, fibrin or 
complement. Staining for surface markers on the dermal 
infiltrate showed this to be predominantly lymphocytic 
and composed of approximately equal numbers of CD4 ° 
and CD8* cells. 
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Figure 2. Case 4. A dense infiltrate is seen throughout the dermis. 
(Haematoxylin and eosin x | 2). 


Case 10. A mild perivascular mononuclear cell infiltrate 
and mild spongiosis were present, but there was no other 
abnormality noted. 


Light testing: Cases 3-8 


Erythemal responses of the skin of the upper back to a 
series of increasing doses of narrow wavebands of 
ultraviolet and visible light at 300, 307-5, 320, 340, 
360, 380, 400 and 500 nm from an irradiation 
monochromator (model 498/01; Applied Photophysics, 
London, U.K.) were normal except for mildly increased 
sensitivity at 340 nm (minimal erythema dose < 10,000 
mj/em?; normal >15,000) and 360 nm (MED 
< 12,500 mJ/cm?; normal > 15,000) in Case 4. In two 
patients, reactions of uninvolved skin of the back to a 
single exposure to a series of doses of up to two minimal 
erythema doses of broad band UVA (Mutzhas UVASUN 
2000) and UVB (Philips TL 20W/12) irradiation were 
normal. Attempts to reproduce the reaction on the upper 
part of the ears of these two patients by a single exposure 
to between half and one minimal erythema dose of solar 
simulated irradiation (Kratos 2500 W, xenon arc fil- 
tered, LH 152N/3SS) were unsuccessful. 


Discussion 


Juvenile spring eruption of the ears has received little 
attention since Anderson et al.' described an outbreak in 
a children’s summer camp in Surrey, where 121 of 150 
children at the camp in early April 1953 were affected. 
In all but one case, in which there were lesions on a 
hand, the eruption involved only the ears. Although the 
camp was closed due to alarm over possible infectious 
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aetiology, this was not confirmed and the authors 
concluded that the eruption may have been due to a 
combination of sunlight and cold air. It was more 
frequent and more severe in boys than in the girls whose 
hair covered their ears. The affected children were out- 
doors for most of the day in sunny but cold weather with 
a moderate wind. These authors were also aware of 
sporadic cases seen by dermatologists and general 
practitioners. 

Burckhardt? in 1942 described a very similar condi- 
tion in 18 patients (14 boys, one girl, three adults) in 
Switzerland. One patient had suffered from recurrent 
episodes for 25 years. The histology of one case some- 
what resembled either erythema multiforme or lupus 
erythematosus but may be interpreted from the descrip- 
tion as compatible with polymorphic light eruption. 
Burckhardt also studied a school class containing 50 
boys and 50 girls during a period of unusually fine spring 
weather; 44 of the boys developed papules and crusting 
of the ears, whereas only one girl with swept back hair 
developed the changes. Burckhardt considered this to be 
an actinic reaction, the girls being protected by their 
long hair. More recently, Baran and Civatte reported 
10 cases of JSE.’ These authors reported histological 
findings in two cases and supported Burckhardt’s view 
that the features were similar to those of erythema 
multiforme. 

Prior to the presentation of Patient 1, JSE had not been 
diagnosed by a Leicester dermatologist for at least 10 
years; however, the dermatosis may be more common 
than has been previously believed. The self-limiting 
nature of the condition may account for the infrequency 
of dermatological referrals. 

The clinical picture in JSE is usually characteristic and 
in typical cases patients can be reassured that the disease 
is benign. However, other conditions may give rise to a 
vesicular or bullous eruption on the ear and, if only this 
site is affected, be clinically tindistinguishable from JSE. 

Erythema multiforme may affect the ear and may also 
rarely be light-induced. No histological resemblance of 
JSE to erythema multiforme has been found in our cases. 
Hydroa vacciniforme is a severe, but rare photodermato- 
sis affecting children. Although this may produce lesions 
on the ears these do not generally occur in isolation, the 
cheeks and nose also usually being affected. This disease 
produces severe scarring, not a feature of JSE. Further- 
more, the histology of our case ts not that of hydroa 
vacciniforme. Actinic prurigo also predominantly affects 
children, giving rise to pruritic excoriated papules over 
light-exposed skin. However, hands, as well as nose and 
cheeks, are usually affected and vesicles are unusual. 
The porphyrias may induce photosensitivity and blister- 


ing of the skin but not confined to the ears. In our 
patients, excess porphyrins were not detected. 

JSE therefore appears quite distinct from the condi- 
tions described above. However, the onset of pruritic 
papules or vesicles several hours after sun exposure is 
characteristic of the common photodermatosis polymor- 
phic light eruption (PLE)° and JSE has other similarities 
to this disease. 

The positive family history, obtained in a large 
proportion of our cases of JSE, is not infrequent in PLE.®7 
Although PLE is more common in adults, the condition is 
by no means rare in children,*® as demonstrated by 
Cases 5, 6 and 10. Ltke JSE, PLE tends to develop in 
discrete episodes, resolve spontaneously without scar- 
ring, and recur for years, and is not confined to patients 
with any particular skin complexion.’ Classical PLE 
often has a wider body distribution than JSE, but not 
uncommonly appears at only one site.’ Although blister- 
ing of the skin is rare in PLE, this may be more common 
on the ear. The development of typical PLE in four of our 
patients who at other times suffered from typical JSE, 
further suggests that the two conditions are related. 
Normal responses to monochromatic irradiation would 
be consistent with PLE.!° Reproduction of the eruption 
with solar-simulated irradiation might be more success- 
ful with repeated exposure. The histology!®1! and 
immunohistology’? in our cases is entirely compatible 
with that of polymorphic light eruption. We therefore 
conclude that JSE may be regarded as clinical variant of 
PLE. 
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Summary 


We report a patient with long-standing polymorphic light eruption (PLE) who developed a 


photocontact allergy to mexenone and several contact allergies. The occurrence of multiple contact 
and photocontact allergies in PLE and the possible relationship of such allergies to the pathogenesis of 


PLE are discussed. 


Polymorphic light eruption (PLE) is a recurrent, persist- 
ent, idiopathic, light-sensitive, inflammatory dermato- 
sis. The lesions occur on light-exposed areas of the 
body hours to days after sun exposure and can take 
many different forms, but in an individual patient one 
type of eruption usually predominates, the small papular 
variety being the commonest. Lesions resolve sponta- 
neously within days if further sun-exposure is avoided. 
PLE occurs in spring or early autumn in most patients. 
Phototests to determine the action spectrum of PLE 
implicate the long-wave ultraviolet UVA band in 56% of 
cases, UVB in only 17%, and both UVA and UVB in 
26%.* 

PLE is the commonest photodermatosis, with an 
estimated overall prevalence of 10-20%.°* In one 
study,’ it occurred in 38% of patients investigated for 
suspected photodermatoses, and of the patients with PLE 
almost 7% had a positive photopatch test and about 10% 
had positive patch tests. In another study,’ about 12:5% 
had positive photopatch tests and 8% had positive patch 
tests. 

We report a patient with disabling PLE complicated by 
the development of multiple contact allergies and a 
photocontact allergy. This case report illustrates the 
importance of carrying out patch and photopatch testing 
in PLE to eliminate aggravating factors, and the possible 
relevance of allergens in the development of PLE and 
chronic actinic dermatitis ts discussed. 


Case report 
A 68-year-old woman presented to the Department of 
Dermatology in 1982. She gave a 16-year history of 
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itchy red papules and plaques on the face and papules on 
the dorsa of the hands occurring within 1-8 h after sun 
exposure. The eruption cleared in 2 days if further sun 
exposure was avoided. She had had psoriasis since the 
age of 30. UVB therapy for psoriasis, when she was in her 
forties, had no adverse effect. Methotrexate had been 
commenced at the age of 60, several years after the onset 
of photosensitivity, with good control of the psoriasis. 
She also gave a history of developing a generalized 
itching and blotchy erythema in warm environments. 
She originally worked as an orthopaedic nurse, but for 
the last 10 years had worked in an administrative role. 
On examination there were discrete, erythematous 
papules and plaques on the face and papules on the dorsa 
of both hands, consistent with PLE, and minimal 
psoriasis on the thighs. 

A skin biopsy from a lesion showed a perivascular 
infiltrate of lymphocytes, histiocytes and eosinophils in 
the superficial and mid-dermis, with prominent upper 
dermal oedema and mild epidermal spongiosis, consis- 
tent with PLE. Patch testing to the European Standard 
Series and photopatch testing was negative. Other 
investigations, including screening tests for porphyrins, 
anti-Ro, anti-La and antinuclear antibodies were nor- 
mal. The most likely diagnosis was thought to be PLE 
and she was advised to minimize her sunlight exposure 
and to use sunscreens. 

Although sunscreens were initially protective, some 
appeared to cause a rash, and the patient also noted 
adverse reactions to elastoplast and perfumes. Further 
patch testing in 1989 at the Mater Hospital revealed 
nine positive reactions, considered to be relevant (Table 
1). The histology of a further skin lesion was again 
consistent with PLE. She was referred to St John’s 
Hospital, where patch testing confirmed sensitivity to 
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Table 1. Positive patch and photopatch tests 


Suspected allergen contacts 
Positive patch tests 
Fragrances 
Perfume mix (+ 3) 
Balsam of Peru (+ 2) Perfumes 


Oak moss absolute (+ 3) Perfumes, cosmetics 


Usnic acid (+2) Some antibiotic creams and perfumes 
Atranorin (+3) Perfumes 
Preservatives 
Imidazolidinyl urea (+ 1) Cosmetics 
Diazolidinyl urea (+1) Cosmetics 
Formalin (+ 2) (Many products) 
Miscellaneous 
Colophony (Rosin) (+2) Adhesive tape, elastoplast 
Epoxy resin (+2) Adhesives 


Coniferyl benzoate (+ 2) 


Positive photopatch test 


Benzophenone-10 (+2) Uvistat sunscreen 


the same substances, but in addition allergies to imidazo- 
lidinyl urea and diazolidinyl urea, and photopatch 
testing revealed a positive photocontact reaction to 
benzophenone-10 (Table 1). Photo-provocation testing 
with a solar simulator reproduced characteristic lesions 
of PLE, and monochromator irradiation testing indicated 
marked photosensitivity to UV radiation from 300 to 
340 nm. These investigations were indicative of severe 
PLE, complicated by several contact allergies and a 
photocontact allergy to benzophenone-10. While 
desensitization with PUVA was initially considered, 
avoidance of relevant allergens has resulted in a marked 
improvement of the patient's condition. 


Discussion 
The diagnosis of PLE depends on the temporal relation- 
ship of the rash to sun exposure and complete resolution 
of lesions between attacks, supported by clinical and 
histological findings and phototests, and the exclusion of 
lupus erythematosus. Biopsy of lestons is not, by itself, 
diagnostic,’ but diagnosis is facilitated by the reproduc- 
tion of lesions using photoprovocation by solar-simu-~- 
lated radiation. Assessment of a patient’s spectral sen- 
sitivity by monochromator irradiation tests is only 
occasionally useful, as not all patients react to narrow 
wavebands. 

This patient lies at the severe end of the spectrum of 
PLF,” with marked UVB and UVA photosensitivity. 


However, multiple positive patch tests are somewhat 
unusual in PLE. Patients with chronic actinic dermatitis 
(CAD),? also termed ‘persistent light reaction’, or photo- 
sensitivity dermatitis with actinic reticuloid syndrome, 
by comparison are more likely than patients with PLE to 
have multiple allergies,”® which may include Com- 
positae, ?° lichens, and fragrances.!! Some patients with 
PLE therefore, like ours, give a picture more in keeping 
with overlapping PLE and CAD, or possibly progression 
from PLE to CAD. Patients with features of both disorders 
would not be unexpected as both disorders may be a 
consequence of a similar pathogenetic pathway involv- 
ing delayed-type hypersensitivity.1!3 Exposure of the 
skin to UV-radiation and phototoxins, either exogenous 
such as lichen acids and Compositae,’* or endogenous, 
may lead to the formation of an as yet ill-defined 
neoantigen to which a delayed cell-mediated hyper- 
sensitivity reaction develops. This neoantigen may be 
induced tn each episode of relevant UV-exposure. Induc- 
tion of endothelial leucocyte adhesion molecule-J 
(ELAM-1) and intercellular adhesion molecule-1 (ICAM- 
1) occurs in similar patterns in lesions of both PLE}> and 
delayed-type hypersensitivity ,!° but in a different pattern 
in UVB-induced erythema,'® and may determine the 
type of inflammation that occurs. 

Oak moss, a perfume fixative, is a common cause of 
contact allergy to perfumes, especially in men.’”? Oak 
moss extract is made from lichens, especially Evernia 
prunastri (oak moss) and Pseudevernia furfuracea (tree 
moss). Some of the contact allergens in lichens are 
known and include atranorin, evernic acid, usnic acid 
and fumarprotocetraric acid.?81? Lichen compounds 
appear to be strongly allergenic,*° causing mainly 
allergic contact dermatitis.819! In-vitro testing sug- 
gests that lichens are also phototoxic compounds cap- 
able of causing cell membrane damage.” In one study of 
photosensitive patients tested with various lichen com- 
pounds, atranorin was observed to be the most fre- 
quently involved allergen and multiple concomitant 
allergies to lichen acids were also observed.?° Usnic acid 
has antimicrobial properties and is also used in some 
topical antibiotic preparations, therefore exposure in a 
nurse is not unexpected. Contact allergy to lichen 
substances may be acquired not only through contact 
with perfumed topical preparations containing oak 
moss,’’ but also through direct contact with the plants 
in nature.!7-18 ; 

Colophony, oak moss and balsam of Peru, to which 
this patient reacted, may contain similar compounds.’ 
It may be difficult to tell whether reactions to colophony 
and balsam of Peru are concomitant reactions or cross 


reactions. Imidazolidiny] urea and diazolidinyl urea are 
preservatives used in cosmetics. They may cause allergic 
contact dermatitis, and may cross-react with one 
another.?? They also release formaldehyde, but the 
significance of this to formaldehyde-sensitive individuals 
is uņncertain.?? 

In addition to allergic contact dermatitis, the 
photosensitivity in this patient was complicated by the 
development of photoallergic contact dermatitis to ben- 
zophenone-10 (2-hydroxy-4-methoxy-4methylbenzo- 
phenone, mexenone). Benzophenones are widely used in. 
sunscreens, with benzophenone-3 (oxybenzone) being 
the most common.** They may cause both type I and 
type IV hypersensittvity.2° Both allergic’~*2* and pho- 
toallergic contact dermatitis’7**?° to benzophenones 
occur often in patients with pre-existing light-sensitive 
disorders. Benzophenone-10 has rarely been reported to 
cause sensitivity, but can produce both allergic and 
photoallergic contact dermatitis.*!34 The incidence of 
allergic reactions to benzophenones may be underesti- 
mated because patch and photopatch testing to benzo- 
phenones is not done often enough. Sunscreens play a 
major role in the prophylaxis of chronic photosensitive 
disorders. They are also paradoxically responsible for a 
significant number of contact and photocontact allergic 
reactions in photosensitive patients.”8 As sunscreen- 
induced photodermatitis can closely simulate photoder- 
matoses, its occurrence may not be recognized. If a 
patient with photosensitivity fails to benefit from a 
sunscreen or their condition deteriorates while using it, 
then the components of the sunscreen should be checked 
by patch and photopatch testing. 

Patients with PLE and CAD appear to be at increased 
risk of acquiring contact and/or photocontact allergies 
to chemicals in topical preparations. Apart from the risk 
involved in the frequent use of sunscreens and the 
application of topical preparations to irritated and 
eczematous skin,?* there may be an underlying suscepti- 
bility to the development of type IV hypersensitivity. Our 
patient illustrates the importance of patch testing and 
adequate photopatch testing in the photodermatoses,3* 
and also the close relationship of PLE and chronic actinic 
dermatitis. 
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Summary 


A 63-year-old man developed linear, annular and accuminate lesions which showed the histological 


features of porokeratosis. The lesions cleared spontaneously, recurred several months later and 
ulcerated, then cleared again. The spontaneous resolution and recurrence of the lesions is a hitherto 


undescribed pattern of porokeratosis. 


The clinical presentations of porokeratosis may vary. To 
date five patterns of porokeratosis are recognized: poro- 
keratosis of Mibelli, disseminated superticial actinic 
porokeratosis (DSAP), linear porokeratosis, porokerato- 
sis punctata discreta and porokeratosis palmaris et 
plantaris disseminata.’ The porokeratotic lesions are 
fixed and refractory to most treatments.~ Destructive 
therapy such as cryotherapy may flatten the lesions, but 
porokeratotic lesions rarely clear. We report a patient 
who developed recurrent linear, annular and accumi- 
nate, keratotic lesions of porokeratosis. 


Case report 


In 1986 a 63-year-old married man presented to the 
department of genito-urinary medicine with intensely 
pruritic, painful lesions on the shaft of the penis. There 
was no associated penile discharge although he experi- 
enced severe pain during sexual intercourse. He was 
otherwise well. After an infectious aetiology had been 
ruled out, he was referred to the dermatology depart- 
ment. 

Examination showed well demarcated, slightly hypo- 
pigmented scaly plaques which resembled psoriasis, on 
the shaft of the penis and prepuce. The patient was 
treated with a mild topical steroid preparation. Six weeks 
later he developed similar annular, scaly lesions on the 
scrotum. The lesions were 0:5—1-5 cm in diameter, 
hypopigmented in the centre and hyperpigmented 
around the edges and resembled lichen planus. At the 
same time symmetrical, linear. hyperpigmented, kerato- 
tic lesions developed in the flexures of the arms and the 
upper part of the thighs. The sun-exposed areas were 
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spared. Detailed examination showed darkly pigmented 
linear lesions with a slightly raised border and surround- 
ing erythema in the flexures of the arms. 

Smaller perifollicular papules extended down the 
forearms and up the upper arm. Along the outer margins 





Figure 1. Annular porokeratotic lesions on the thigh 
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of the plaques on the thighs were smaller annular lesions 
with a keratotic rim (Fig. 1), A few weeks later minute, 
keratotic ‘spines’ which resembled keratosis pilaris de- 
veloped on the buttocks, lower back and upper arms (Fig. 
2). Some of the spines reached 3 mm in length, showed a 
follicular distribution and developed on an erythema- 
tous base which later became pigmented. There were no 
mouth lesions and the palms. soles and nails were 
normal. 

There was no family history of a similar eruption. 
Previously he had transient parasthesiae down the left 
arm, but all neurological investigations were normal. 





Figure 2. Accuminate porokeratotic lesions 
on the buttocks 


Investigations 


Full blood count and biochemical investigations were 
normal. VDRL was positive to a titre of 8, indicative of 
previous treponemal disease. The patient was from 
Jamaica and had yaws as a child. HTLV-1 antibody was 
negative and protein electrophoresis was normal. The 
ESR was 10 mm/h. 


Histopathology 


Biopsies from the linear lesion on the arm, the annular 
lesion on the upper thigh and a spiny lesion on the 


Figure 3. Histology of lesion from the thigh 
showing a cornoid lamella consisting of a 
column of parakeratotic cells arising from the 
epidermis, (haematoxylin and eosin, * 125). 


Figure 4. Electron micrograph of epidermis 
underneath the cornoid lamella. 
Condensation of the tonofilaments can be 
seen in the periphery of some of the 
keratinocytes. ( x 2500). 


buttock all showed similar histological features, The 
epidermis was hyperkeratotic with basket-weave ortho- 
keratosis. In between the normal keratin there were 
columns of parakeratotic cells forming cornoid lamellae 
(Fig. 3). The rest of the epidermis showed no cytological 
atypia or basal cell hyperplasia. There was a dense 
inflammatory infiltrate scattered throughout the dermis, 
not particularly related to adnexal structures or hair 
follicles. Lymphocytes and monocytes were the pre- 
dominant cells. The blood vessels in the upper dermis in 
some sections showed thrombotic occlusion and there 
was red blood cell extravasation. 


Electron microscopy 


Studies were performed on tissue that was retrieved from 
the paraffin blocks and reprocessed. This ensured that 
the tissue selected for electron microscopy corresponded 
to the areas of the parakeratotic columns as seen on light 
microscopy. Ultrastructurally, the keratinocytes 
beneath the parakeratotic columns showed condensa- 
tion of tonofilaments at their periphery (Fig. 4) as has 
been previously described,’ but no pyknotic nuclei or 
large perinuclear vacuoles; features interpreted as being 
degenerative. Sato et al.* have described dyskeratotic 
cells composed of nuclear remnants and aggregate 
tonofilaments but these were not seen here. 


Course of the disease 


Topical steroids or salicylic acid produced no clinical 
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improvement. Six months after presentation, the lesions 
on the arms and legs developed superticial ulcers and 
became secondarily infected. The latter settled with 
systemic antibiotics and the porokeratotic lesions 
returned to their initial appearance. After a further 3 
months, the lesions cleared spontaneously from the 
thighs and arms leaving post-inflammatory hyperpig- 
mentation. The accuminate lesions persisted. Two 
months later, the porokeratotic lesions on the arms and 
thighs recurred and again resisted various topical thera- 
pies. After a further 4 months the lesions again cleared 
spontaneously and to date (over 12 months later) have 
not returned. 


Discussion 


The hallmark of porokeratosis is the cornoid lamella” 
and although not diagnostic it is always found in the 
different forms. However. cornoid lamellae may occur 
with several other conditions.’ In our patient, the initial 
clinical lesions were suggestive of psoriasis or lichen 
planus but when the annular lesions developed with a 
firm keratotic rim, the diagnosis of porokeratosis became 
more obvious. The linear narrow lesions on the arms 
were most unusual. 

The keratotic spines have been described previously in 
porokeratotic punctate keratoderma! of the palms and 
soles. In our patient, the palms and soles were spared 
throughout the course of the disease. A family was 
described with palmar and annular lesions over the 
whole body.® The latter resembled those seen in our 
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patient and showed the typical histological features of 
porokeratosis. However tn that report there was a strong 
family history of porokeratosis and almost all of those 
patients had palmar or plantar involvement. They also 
differed from our patient as their eruptions persisted. 
Our patient’s eruption was unusual as there were 
annular, linear and accuminate lesions which all 
showed the histological features of porokeratosis. Also, 
there was spontaneous ulceration and subsequent clear- 
ance. Ulceration has been described previously’ but 
complete spontaneous clearing has not. Also the ulce- 
ration was followed by atrophy, whereas our patient’s 
skin shows no atrophy at present. Although the lesions 
recurred at the same site, the patient remains in 
remission 1 year later. A further interesting observation 
was the presence of thrombotic lesions in the dermis. No 
obvious cause could be found to explain this feature. 
There is no family history of a similar disease and the 
disease spontaneously resolved leaving only post-inflam- 
matory hyperpigmentation. This was clearly not poro- 
keratosis of Mibelli, DSAP, punctate porokeratosis or 


linear porokeratosis although there were linear lesions 
present. We wish to record this case as another clinical 
pattern of porokeratosis. 
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Summary 


Acral pseudolymphomatous angiokeratoma of children (APACHE) is a new clinical entity that is 


characterized by angiomatous papules on the extremities. We report a case APACHE in a 14-year-old 
Japanese girl with asymptomatic red and violaceous papules and nodules on the ring finger of the left 


hand. 


Histological and immunohistochemical studies of our patient indicated that APACHE is a 
pseudolymphoma rather than an angiokeratoma. 


Cutaneous pseudolymphoma represents a benign reac- 
tive hyperplasia of lymphoid elements in response to 
various stimuli. Recently, Ramsay et al.' reported a 
variant of this condition that occurred on the extremities 
of children as acral pseudolymphomatous angiokera- 
toma of children (APACHE). We report a case of this 
condition in a Japanese girl. 


Case report 


A 14-year-old Japanese girl presented with red-—viola- 
ceous and firm papules on the dorsum of the ring finger 
of the left hand that were asymptomatic and which had 
developed over the previous 5 years. They had gradually 
enlarged and new papules developed despite treatment 
with topical steroids. 

On examination there were linearly arranged scaly 
red papules and nodules varying in size from 3 to 7 mm 
and with a tendency to coalesce on the dorsum of the 
finger (Fig. la). The medial part of the nail showed 
partial onycholysis and deformity (Fig. 1b). There were 
no other lesions. Laboratory investigations that included 
complete blood count and liver function tests were all 
normal, as was the urinalysis. 

On histology there was a dense cellular infiltrate just 
beneath the flattened epidermis (Fig. 2a) and the cells 
consisted of lymphocytes, histiocytes (Fig. 2c) and there 
were many plasma cells (Fig. 2d). There were occasional 
multinucleate giant cells (Fig. 2c). There were several 
lymphocytes seen in the overlying epidermis that 
Correspondence: Dr M.Hara, Department of Dermatology. Tohoku 
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appeared flattened and showed hydropic degeneration of 
the basal cell layer (Fig. 2b). There was mild hypergra- 
nulosis and focal parakeratosis (Figs 2a, b). Immunohis- 
tochemical studies showed that there were Leu 3a 
positive (helper/inducer) lymphocytes in the upper part 
of the infiltrate, whereas in contrast there were Leu 2a 
positive (cytotoxic/suppressor) lymphocytes in the 
deeper part of the infiltrate. Almost all the epidermotro- 
pic cells were Leu 3a positive. Small numbers of Leu 16 
positive B cells were to be found focally distributed in the 
infiltrate. 

Intralesional injections of triamcinolone 0-5 mg every 
2 weeks produced a gradual diminution in the size of the 
lesions which eventually disappeared. However, some of 
the lesions have recurred in the past 2 months. 





Figure 1. (a) Linear papules on the dorsum of the left fourth finger. (b) 
Partial onycholysis and deformity of the fingernail 
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Figure 2. (a) Circumscribed infiltrate beneath a flattened epidermis ( x 30). (b) Hyperkeratosis, partial hypergranulosis and hydropic degeneration of 
epidermis with epidermotropism of lymphocytes ( x 75), (¢) Lymphohistiocytic infiltrate with small numbers of Langerhans and giant cells ( x 150). 
(d) Semithin Epon section showing plasma cells (arrows) stained with toluidine blue ( x 150). 


Discussion 


Our case was unusual in that there was a linear 
arrangement of the red—violaceous papules and nodules 
on one finger. However, the presence of a striking focal 
upper dermal lymphohistiocytic infiltrate strongly sug- 
gested the diagnosis of pseudolymphoma. The finger is 
an unusual location for pseudolymphoma, which 
usually affects the face and head.” In 1988 Ramsay et al.’ 
proposed a new entity of acral pseudolymphomatous 
angiokeratoma in children (APACHE). In our case there 
were multiple lesions in a linear fashion on one finger 
with involvement of the nail as seen in lichen planus. 
The histology of the dense cellular infiltrate in the dermis 
corresponded to that of a pseudolymphoma, but there 
was a lack of prominent thickened capillaries! which 
suggests that they are not a consistent feature of this 
disorder. There were epidermal changes in our case that 


consisted of liquefaction degeneration of the basal cells 
with the presence of Leu 3a lymphocytes. These features 
were not previously reported in the cases of APACHE or 
pseudolymphoma. Leu 3a positive T cells appear to have 
a strong affinity for the epidermis and it has been 
suggested that they can induce secondarily the lichenoid 
tissue reaction.’ This lichenoid infiltrate, suggestive of 
lichen planus or lichen nitidus, was noted in our case 
though the clinical features were not of these disorders. 
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Summary 


We report a case of a 34-year-old homosexual man who developed Reiter's disease with severe 


cutaneous and joint involvement shortly after he was diagnosed as having acquired immunodefi- 
ciency syndrome (AIDS). Therapy with potent topical steroids and oral methotrexate was ineffective, 
but etretinate at a dose of 0-75 mg/kg resulted in rapid clearing of the skin lesions and a marked 


improvement of his arthralgia. 


It is now well established that the sudden onset of 
psoriasis/Reiter’s disease can herald the development of 


AIDS.'? Such cases can be difficult to treat,'- with an 
appreciable risk of further immunosuppression from 
most systemic therapies. Our case illustrates the progres- 
sion of what at first appeared to be psoriasis into Reiter's 
disease and we review the associated therapeutic prob- 
lems. 


Case report 


A 34-year-old Caucasian homosexual man presented 
with an acute paronychia affecting his right ring finger. 
This began at about the same time as he developed AIDS, 


which was diagnosed on the basis of an episode of 


Salmonella dysentery complicated by septicaemia, ulcer- 
ative oesophageal candidiasis, chronic perianal herpes 
simplex infection, a positive antibody to HIV-1 and alow 
absolute CD4 lymphocyte count of 40/ ul (CD4/CD8 ratio 
of 0:2). He was HIV-1 antibody positive for 18 months 
prior to presentation at the skin clinic and was taking 
zidovudine 250 mg six times daily, amoxycillin 250 mg 
twice daily for chronic salmonellosis, acyclovir 200 mg 
t.d.s. and ketoconazole 200 mg once daily. The patient 
recalled having three episodes of non-specific urethritis 
in the past, all of which occurred over 5 years prior to the 


development of AIDS. There was no family history of 


psoriasis or joint problems. 

Other digits and toes quickly became involved, and a 
well-demarcated glazed erythema with overlying yellow 
scale developed on the perionychial skin. Fusiform 
swellings of the terminal interphalangeal joints were 
noted (Fig. 1) which were associated with pain and 
reduced movement of the affected joints. A Köbner 
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Figure 1. Gross swelling of terminal interphalangeal joints of both 
thumbs with associated nail dystrophy and perionychial erythema and 
scaling. 


reaction in a tattoo was noted that initially affected only 
the red pigment areas. Similar but larger well-demar- 
cated, scaly dull-red plaques appeared on the trunk and 
limbs and a diagnosis of psoriasis was made. 

Two months later, his joints became worse with 
continuous pain in the distal parts of the fingers and feet 
and treatment with non-steroidal anti-intlammatory 
agents were unhelpful. He developed diffuse pain in the 
right mid-foot, and low back pain associated with 
stiffness. Both great toes became very tender and swollen 
and prevented the patient from walking. The nail plates 
were replaced by heaped-up yellow scale which even- 
tually shed. Discrete, scaly red macules developed on the 
palms (Fig. 2) and similar lesions with overlying conical 
yellow scales on the soles and sides of the feet with the 
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Figure 2. Discrete dull red scaly macules on palms. 


clinical appearance of keratoderma blenorrhagica. New, 
less well-demarcated lesions appeared in the scalp which 
were oozing and crusted. An acceleration of his male 
pattern alopecia was also noted. The flexures were 
affected by an oozy erythematous eruption consisting of 
discrete circinate erosions 3-5 mm in diameter with a 
periphery of scale, which eventually became confluent 
(Fig. 3). A circinate balanitis was noted, and small 
erosions appeared on the buccal mucosa and soft palate. 
There was no conjunctivitis and he had no symptoms 
and signs suggestive for a urethritis or prostatitis. 
Cultures taken for Chlamydia were negative. A diagnosis 
of Reiter’s disease was made on the basis of a bacillary 
dysentery, the pattern of arthritis, and the characteristic 
mucocutaneous lesions. ’ 

Relevant investigations at this stage showed a hae- 


moglobin count of 10-3 g/dl, a total white cell count of 
1-6 x 10°/Il with a CD4 count of 20 ul and CD8 count of 


165 ul. HIV core antibody was positive and HIV antigen 
was negative. Liver function tests and renal function 
were normal, and rheumatoid factor, antinuclear factor 
and syphilis serology were all negative. X-rays of the 
hands and feet showed soft tissue swelling, osteopenia, 


small erosions and periostitis of the affected distal 
interphalangeal joints. Skin swabs taken from oozing 
areas on the toes, scalp and both arms, and skin biopsies 
of the right forearm and the medial border of the left foot 
were sent for culture, but failed to grow any bacteria. 
atypical mycobacteria or fungi apart from an isolate of 
Aspergillus fumigatus which was considered to be a 
contaminant. The histology of the skin lesions was 
compatible with Reiter's disease with a thick parakerato- 
tic stratum corneum overlying an acanthotic epidermis 
and an upper dermal infiltrate of predominantly mono- 
nuclear cells. The epidermis was oedematous and 
numerous vacuolated keratinocytes were seen which in 
parts formed cysts. One skin biopsy taken from the arm 
showed lobular vascular dilatations filled with blood and 
prominent endothelial cells close to the hyperplastic 
epidermis. Interstitial separation of collagen bundles by 
spindle cells associated with haemorrhage and inflam- 
matory cells including neutrophils and plasma cells were 
seen. Warthin-Starry stain did not reveal any bacilli. 
Topical treatment of the cutaneous lesions with 
clobetasol propionate ointment was unhelpful, despite 
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Figure 3. Close-up of oozing process in groin flexure showing small 
circinate erosions with a periphery of scale which eventually became 
confluent. Similar lesions were seen in the oral mucosa. 
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polythene occlusion to the feet. Potassium permanga- 
nate soaks (1:8000 dilution) produced some improve- 
ment as regards drying the oozing areas in the groins 
and feet. In view of the severity of the cutaneous 
involvement, systemic PUVA therapy was started only to 
be abandoned after two treatments because, the patient 
had difficulty in standing. Oral methotrexate at a dose of 
up to 30 mg once a week was tried but after 6 weeks of 
treatment there was no benefit and the already low 
white cell count began to fall further. All drugs including 
methotrexate and zidovudine were then stopped. 

In view of the vascular lesions that were seen in one of 
the biopsy specitmens, and on the basis of a report that 
had just appeared at that time on the use of oral 
erythromycin for the treatment of AIDS-related angio- 
matosis,* erythromycin 250 mg q.d.s. was tried. This 
resulted in a considerable improvement in the degree of 
oozing and erythema and pain in the feet, but the 
beneficial effects lasted for only 2 weeks, the cutaneous 
process reverting to its original state despite continuing 
erythromycin therapy. 

Etretinate was then given, initially at a dose of 25 mg 
once daily (0:5 mg/kg), with some improvement after 10 
days in the degree of erythema and scaling of the feet. 
The low back pain was worse but this was probably due 
to the Reiter’s disease rather than the etretinate. The 
dose of etretinate was increased to 40 mg once daily 
(approximately 0-75 mg/kg) resulting in clearance of all 
the skin lesions and a marked tmprovement of the 
arthralgia and the back pain. The swelling of the 
terminal interphalangeal joints was markedly reduced 
and the patient was again able to walk. 

The patient remained free from cutaneous lesions for a 
further 3 months when he was admitted in a confused 
state. Cutaneous lesions of ecthyma gangrenosum were 
noted on the extremities and cultures of the exudates 
from these lesions revealed Pseudomonas spp. which was 
also found on blood culture. Despite treatment with 
intravenous antibiotics, the patient died 10 days later. 


Discussion 

Psoriasis and Reiter’s disease probably form part of a 
clinical spectrum of disease expression in genetically 
predisposed individuals.* The distinction between the 
two diseases is especially blurred in AIDS, as was seen in 
our patient. The classical triad of urethritis, conjunctivi- 
tis and arthritis described by Reiter® is probably seen in 
only a third of cases.’ Our patient fulfils the accepted 
criteria®? for diagnosing Reiter’s disease in having a 
history of bacillary dystentery, an asymmetrical periph- 


eral arthritis of greater than 1 month’s-duration with 
predominantly lower limb involvement, and character- 
istic mucocutaneous lesions which included kerato- 
derma blenorrhagica, circinate flexural erosions, balani- 
tis circinata and oral involvement. 

A number of reports!*!°!2 have described the onset 
and exacerbation of psoriasis and Reiter’s disease in 
AIDS. In such patients, several forms of the disease may 
co-exist and psoriasis may progress to Reiter’s disease, 
allowing investigation of immunopathological mecha- 
nisms common to both diseases.}? It is suggested that the 
onset of psoriasis/Reiter’s disease in an HIV-positive 
patient is associated with a poor prognosis.!° Another 
feature common to these patients is the refractory nature 
of the disease to conventional therapy. Various systemic 
therapies have been suggested but all share the potential 
problem of further immunosuppression in an already 
profoundly immunocompromised individual. 

Should topical therapy fail, zidovudine seems a logical 
therapeutic approach in such patients (C. Farthing, 
personal communication), and early results appear 
encouraging.'*!° The antipsoriatic effect of zidovudine 
appears to be dose-dependent and related to the develop- 
ment of erythrocyte macrocytosis rather than helper T- 
cell function, which has worsened in some patients 
despite a sustained remission of their skin disease.'* Our 
patient had already been taking zidovudine for 6 months 
at a dose of 250 mg six times daily and this was probably 
not helpful, as reducing or stopping his zidovudine on 
three occasions because of his precipitously low white 
cell count did not appear to be associated with an 
exacerbation of his Reiter’s disease. 

PUVA appears to be an ideal treatment for this 
problem, but may be impractical because of the patients’ 
debility. Also as HIV particles have been found in the 
Langerhans cells of psoriatic scales!® there may be a risk 
of transmission to other patients having PUVA-treat- 
ment. Experience of treated AIDS-related prurigo with 
ultraviolet light suggests that the risk of ultraviolet light- 
induced Kaposi's sarcoma!®:!” may have been overesti- 
mated, but this is still an area of concern. 

Methotrexate at a dose of 30 mg once weekly was 
ineffective in the treatment of our patient and possibly 
contributed to a profound neutropenia that necessitated 
stopping all his drugs. Since then there have been similar 
reports of disappointing results with methotrexate in this 
subgroup of patients, and this drug has been shown to 
possibly accelerate the course of AIDS in three 
patients??? and to have caused profound neutropenia in 
three others,*?° HIV encephalopathy tn one case and 
fulminent Kaposi's sarcoma in another.?® 
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There was a temporary response of our patient’s skin 
disease to oral erythromycin. The lobular vascular 
dilatation seen in one of our patient’s skin biopsies was 
similar to that seen in epithelioid angiomatosts,’? a 
condition which responds to, erythromycin therapy. 
However, bacilli were not seen in the lesions of our 
patients. 

Oral etretinate has been shown to be of benefit in 
AIDS-related psoriasis’® and resulted in complete clear- 
ance in our patient of the cutaneous lesions and a 
marked improvement in his arthralgia. The etretinate 
was well tolerated with no obvious side-effects. A similar 
success was reported by Belz et al.*? in another patient 
with AIDS-related Reiter’s disease who responded to a 
daily dose of 1 mg/kg of etretinate and suggested that the 
beneficial effect was produced by restoring Langerhans 
cell populations i in psoriati¢‘lesions. i 

Tbis is the first report from the U.K. to suggest that 
etretinate is an extremely effective and safe treatment for 
the cutaneous and joint manifestations of AIDS-related 
Reiter's disease. 
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Addendum 


We have recently seen another Caucasian 42-year-old 
homosexual patient with plaque psoriasis of over 20 
years’ duration, who suddenly developed extensive and 
unstable psoriasis. Suspecting HIV-1 infection, antibody 
testing was performed with his consent and which was 
positive. This patient also developed an oligoarthro- 
pathy, circinate balanitis, oral lesions, and as well a 
conjunctivitis. There was a history of at least eight 
episodes of non-specific urethritis over the last 15 years. 
We have treated this patient so far with zidovudine 200 
mg every 4h, and at the present time hts skin is virtually 
clear and his joint symptoms have improved. However, 
should he relapse then he will be treated with etretinate. 
This patient with HIV infection also illustrates the 
development of Reiter’s disease from typical psoriasis. 
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Bruising and susceptibility to solar urticaria 


Sm, The chnical diagnosis of solar urticana generally relies on 
a history of wealing beginning within 5-10 min after exposure 
to ultraviolet or visible radiation and persisting for 1-2 h. We 
wish to draw attention to a characteristic clinical feature of this 
condition, to our knowledge previously unreported, which can 
prove helpful in diagnosis. 

A 53-year-old Caucasian male presented with a 15-month 
history of wealing of non-covered sites beginning approxima- 
tely 15 min following exposure to strong sunlight. He reported 
exaggerated susceptibility to wealing of any bruised skin areas 
which either developed weals in isolation following exposure to 
mild or moderately intense sunhght or reacted more rapidly 
and intensely than surrounding skin in strong sunlight. No 
abnormal urticarial responses were demonstrated on photo- 
testing skin of the upper back with narrow wavebands of 300- 
600 nm light from an uwradiation monochromator. However, 
repeat testing 24 h later on a mildly bruised venesection site in 
the left antecubital fossa, using identical irradiation doses, 
demonstrated immediate wealing at 400-500 nm. 

This phenomenon of increased sensitivity of bruised skin has 
been confirmed by several other solar urticaria patients on 
direct questioning. There 1s now good evidence!? that in solar 
urticaria there is a precursor substance present in the serum, 
which on absorption of light energy becomes antigenic such 
that it can bind to IgE-bearing mast cells, causing degranula- 
tion. Thus, an increased local concentration of this serum 
factor would be expected to render bruised skin especially 
sensitive. 
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Isotretinoin and wax epilation 


Sm, Cutaneous side-effects as a result of treatment with 
isotretinoin are common. Frequent adverse reactions are 
cheilitis, dry skin, dry nose and mouth, pruritus and increased 
skin fragility. We report a case of erosions that occurred on the 
sites of wax epilation on the face of a woman who was on 
treatment with oral isotretinoin. 

A 30-year-old woman who was otherwise healthy was 
referred to our clinic with a 12-year history of severe cystic 
acne. She was prescribed isotretinoin at a dosage of 0-5 mg/kg/ 


day and by the twelfth week of therapy there was a consider- 
able improvement with the disappearance of the papules and 
nodules and a marked reduction in the size and number of the 
other lesions. Previously she had had many wax depilations of 
her face without any problem which were carried out for 
idiopathic hirsutism. However, after 14 weeks of therapy with 
isotretinoin she had a wax epilation of the skin on the upper lip 
and chin and this resulted in oedema with confluent erosions 
over the entire area. The wounds healed without scarring and 
there was no pigmentary change. 

Retinold drugs have a profound effect on many different 
aspects of skin biology.! Increased skin fragility is well 
described but the pathogenesis is at present unclear. In our 
patient, epidermal damage may have been due to an increased 
skin fragility that has resulted from treatment with {sotreti- 
noin. I suggest that patients who are on this retinoin should be 
advised against having epilation, paricularly on their face. 
Division of Dermatology M.Ecipo ROMO 
Hospital Princess Sofia, 

24008 Leon, 


Spain 
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“‘Tin-tack’ sign in seborrhoetc dermatitis 


_ Sir, The ‘tin-tack’ sign, the appearance of spiny processes that 


project from the undersurface of detached scale and correspond 
to follicular openings, has been reported in discoid lupus 
erythematosus,! pemphigus foliaceus? and drug-induced 
lichen planus.? We now report the sign tn seborrhoeic 
dermatitis. 

A 69-year-old man presented with a 2-year history of a 
troublesome scaly eruption on the face. His medical problems 
included chronic schizophrenia and temporal arteritis for 
which he was taking thioridazine 50 mg t.d.s. and predniso- 
lone 40 mg daily. On examination his appearance was 
unkempt and he had Parkinson’s disease. There was a macular 
erythematous rash with overlying thick yellow greasy scale, 
predominantly affecting the central area of the face and most 
marked on the nose, with discrete areas of macular erythema 
and heaped-up scale scattered on the forehead and temples. 
Removal of the scale revealed underlying erythema and on the 
undersurface of the detached scale there were spiky projections 
corresponding to dilated follicular openings (Fig. 1). Spiny 
processes without overlying scale also projected from follicular 
openings in adjacent areas. These were examined with Parker 
Ink in KOH (50% of each) and revealed numerous corneocytes 
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Figure 1. Light microscopic view (x 20) of detached scale showing 


follicular projections. 


and Pityrosporum spores of the oval type. Histological examin- 
ation showed areas of spongiosis with overlying focal paraker- 
atosis and mild dermal inflammatory infiltrate without acan- 
tholysis. A PAS stain showed many pityrosporal yeasts of the 
oval type in the stratum corneum. Direct skin immunofluores- 
cence was negative. The diagnosis of seborrhoeic dermatitis 
due to Pityrosporum ovale was made and the patient was treated 
with twice daily 2% ketoconazole cream and more frequent 
washing. Four weeks later the facial rash had completely 
resolved. 

We attribute the severity of seborrhoeic dermatitis in our 
patient to an increased pool of sebum from his Parkinson's 
disease maintained by infrequent washing.* Seborrhoeic der- 
matitis can be confused with pemphigus foliaceus’ which was 
considered in our patient because of the ‘tin-tack’ sign. It was 
excluded by histology and immunfluorescence, and the pres- 
ence of many oval yeasts and the rapid response to antipityros- 


poral therapy confirmed our initial clinical diagnosis of 


seborrhoeic dermatitis. Although the ‘tin-tack’ sign is not 
mentioned in recent descriptions of seborrhoeic dermatitis, its 
occurrence was recognized as long as 70 years ago.” The 
findings in our patient and others' * demonstrates that the ‘tin- 
tack’ sign is not disease-specific. 


N.C. COWLEY 
C.M.LAWRENCI 


Department of Dermatology, 
Royal Victoria Infirmary, 
Newcastle Upon Tyne 

NEI 4LP, U.K. 
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Azathioprine in the treatment of Parthenium dermatitis 


Sir. Airborne contact dermatitis due to the plant Parthenium 
hysterophorus is the cause of considerable morbidity in India. 
These patients are difficult to manage. We report two cases of 
persistent dermatitis due to Parthenium that were successfully 
treated with oral azathioprine. 

A 42-year-old male engineer (Case 1) with a 4-year history 
of airborne contact dermatitis due to P. hysterophorus was 
admitted to hospital with a severe exacerbation of his dermati- 
tis and was treated with 30 mg prednisolone daily. The dose of 
the steroids was reduced and he was then given oral psoralen 
photochemotherapy with trimethylpsoralen. As his response 
to this treatment was not satisfactory. he was also given 
azathioprine in doses of 100 mg daily. After 1 month he had 
improved and was discharged from hospital to continue on 
azathioprine and oral psoralen photochemotherapy with sun 
exposure. After 2 weeks this was discontinued but he remained 
on azathioprine and when examined 3 months after discharge 
from hospital he was virtually free of all lesions 

[he second case was a 55-year-old female teacher with 
airborne contact dermatitis due to P. hysterophorus who had 
relapsed after discontinuing oral hyposensitization treatment 
because of epigastric pain. She was treated with 30 mg 
prednisolone and 100 mg azathioprine daily. Over the next few 
weeks the dose of steroids was reduced and after 3 months of 
therapy she was completely free of all lesions. 

P. hysterophorus belongs to the family of Compositae and this 
plant is a common cause of airborne contact dermatitis in India 
with features suggestive of a photosensitivity.’ Oral hypo- 
sensitization has been reported by us to be effective in one 
patient,” but in two others it was unhelpful. Although our first 
case was on PUVA treatment as well as on azathioprine we 
believe that the latter was responsible for his improvement. 
Azathioprine has been reported to be effective in chronic 
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actinic dermatitis'* and in longstanding photoeczematous 
dermatitis.” We consider that the immunosuppressive drug 
azathioprine is effective in the management of cases of airborne 
contact dermatitis due to Parthenium that are not responding to 
other more conventional treatments. 

Department of Dermatology and Venereology, C.R.SRINIVAS 
Kasturba Medical College and Hospital C.BALACHANDRAN 
Vanipal 576 119, S.D.SHENOI 


India SANDHYA ACHARYA 
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Ftretinate therapy and thrombocytopenia 


Sik, Etretinate is effective in the treatment of severe psoriasis, 
especially generalized pustular psoriasis of the Von Zumbush 
type and psorlatic erythroderma. As with other retinolds, there 
are a number of adverse reactions to etretinate but even in high 
doses, the drug is thought to be non-toxic to the bone marrow 
and haematological reactions are rare. 

We wish to report a 54-year-old male who was admitted to 
our hospital in December 1988 with fever and generalized 
pustular psorlasis who developed thrombocytopenia following 
treatment with etretinate. He had previously had a 2-month 
history of plaque psoriasis. Laboratory investigations showed 
acute-phase reactants and a slight increase of y-glutamyl 
transferase, and the platelet count was only marginally 
reduced, being 132 x 109/1. 

He was tnitially treated with systemic steroids with improve- 
ment and subsequently etretinate was given up to 60 mg daily 
and the steroids discontinued. Etretinate was later reduced to 
25 mg daily, but because of a recurrence was increased to 35 
mg per day and in March 1989 to 50 mg per day. The platelet 
count at that time was 146 x 107/1. In April 1989 there was a 
relapse of his pustular psoriasis and he was readmitted to 
hospital. In addition to having etretinate 50 mg per day he was 
given systemic steroids. Laboratory investigations showed a 
hypertriglyceridaemia and a thrombocytopenia of 36 x 107/1 
that was confirmed by repeated tests. Investigations as to the 
cause of his thrombocytopenia were normal and a bone 
marrow aspirate showed erythroid and myeloid hyperplasia 
and numerous megakaryocytes. It was decided to stop treat- 
ment with etretinate and to give oral psoralen photochemo- 
therapy. The platelet count returned to normal 5 weeks after 
discontinuing etretinate. 

In May 1989 the patient was readmitted because of a relapse 
of the dermatosis and PUVA therapy was stopped. He was 
treated with high doses of steroids and etretinate 25 mg daily. 
On the fourth day of treatment with etretinate a marked 
thrombocytopenia developed, the platelet count being 
90 x 10°/I. A few days after stopping the drug the count rose to 
136 x 10°/l and was normal at subsequent follow-up visits. 

We believe that the thrombocytopenia in our patient was 
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related to etretinate therapy. There was a mild thrombocyto- 
penia prior to treatment but this became much worse following 
retinoid therapy. We are aware of only one previous case of 
thrombocytopenia attributable to etretinate therapy? and one 
other case due to isotretinoin.’ An additional case of cyclical 
neutropénia and thrombocytopenta with bone marrow find- 
ings suggesting myelodysplasia was recently reported* follow- 
ing treatment with isotretinoin. We suggest that monitoring of 
the platelet count during therapy is advisable in patients taking 
retinoids. 


Departments of Dermatology and *Haematology, L.NALDI 
Ospedali Riuniti di Bergamo, M.ROZZONI 
24100 Bergamo, G.FINAzzI* 
Italy P.PINI 
L.MARCHESI 
T.CAINELLI 


References 


1 de Groot AC, Nater JP. Dermatological drugs and cosmetics. In 
Meyler’s Side Effects of Drugs (Dukes MNG, ed). Amsterdam: Elsevier, 
1988; 284-315. 

2 Liang R. Thrombocytopenia associated with etretinate therapy. Acta 
Haematol 1988; 79: 112-3. 

3 Johnson TM, Rapin: R. Isotretinom-tnduced thrombocytopenia. 
J Am Acad Dermatol 1987; 17: 838-9. 

4 Hughes BR, Cunliffe WJ. Development of folliculitis and pyoderma 
gangrenosum in association with abdominal pain in a patient 
following treatment with isotretinoin. Br J Dermatol 1990; 122: 


683-7. 
ADONIS 0007096391006970 


Sclerotic (hypocellular) fibromas of the skin 


Sik, Sclerotic or hypocellular fibromas of the skin have been 
reported! and can occur in patients with Cowden’s disease. 
We report seven patients with this tumour, two of whom had 
the characteristic lesions of Cowden’s disease. 

Seven patients (four males and three females, aged 34-64 
years) each presented with a flesh-coloured solitary trans- 
lucent papulonodular lesion that was round or oval and 
5-10 mm in diameter. The lesions were symptomless and were 
located on the arms in four patients and one each on the nose, 
back and leg. The histological features were identical in all the 
seven tumours and consisted of a well-demarcated, non- 
encapsulated, dense proliferation of thick and hyalimzed 
collagen which was localized in the upper and mid-dermis 
(Fig. 1). The collagen bundles were separated by prominent 
clefts that contained an increased amount of acid mucopoly-~ 
saccharide as demonstrated by Alcian blue staining. A con- 
stant feature was the absence of elastic tissue in the lesions. 
Fibroblasts in the tumours were sparse and were absent in 
some areas. Immunohistochemica! staining for S-100 protein 
and neurone-specific enolase in three of the cases and for 
desmune tn four of the cases were all negative. 

The clinical and histological features resembled those 
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previously described’? and those reported as storiform « ollage- 
noma.’ We believe that this sclerotic type of fibroma represents 
a unique hamartoma of fibrous tissue. 


Laboratorio di Istopatologia, P.DONATI 


Istituto San Gallicano, A. AMANTEA 
Via di S Gallicano 25/ A, M.CARDUCCI 
00100 Rama, L.BALUS 
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Purpura caused by UV-irradiation at 375 nm in a patient with 
hydroa vacciniforme 


Sir, Actinic-induced purpura is not infrequent in sun-damaged 
skin of the elderly. However, in children solar purpura is rare 
and appears to be an unusual form of polymorphic light 
eruption. We describe a young patient with hydroa vaccini 
forme (HV) who developed purpura at sites on her back 
irradiated with 375 nm monochromatic light. 

A 10-year-old Japanese girl, at the age of 1:5 years 
developed bullae on the face and the backs of the hands 
following exposure to sunlight in the spring. Subsequently she 
has had itching of the skin following exposure to sunlight with 


Figure 1. Nodule with hyalinized collagen. 
separated from the epidermis by a normal 


upper dermis 


erythema, oedema, papules and blisters. These lesions 
occurred in the summer and there was no family history ol 
photosensitivity. On examination, there were areas of eryth- 
ema with vesicles. erosions and crusts in the sun-exposed areas 
of skin (Fig. 1). Blood investigations and porphyrin studies 
were all norma! 

Phototesting was carried out using a diffraction monochro- 
mator (JASCO CRM-FM, Tokyo, Japan) with a 5 kW xenon arc 
lamp.’ No vesicles developed after irradiation at 310 or 390 nm 
on 5 consecutive days with a daily dose of 6-6 x 10? J/m* and 





Figure 1. Erythema, bullae, crusts, and pitted scars on face of patient 


aged 4 years 


2:6 x 10* J/m?, respectively. At 300 nm 2 consecutive days of 
treatment at a daily dose of 6-6 x 10? J/m?, which was about 
60 times greater than her MED, produced a vesicular reaction 
which healed without scarring. At 330 nm a daily dose of 
1:5 x 10* J/m* over 3 consecutive days gave rise to hydroa 
vacciniforme lesions. Similarly, at 360 nm 2 consecutive days 
of treatment with a daily dose of 4:4 10* J/m? produced 
sunilar lesions, and a biopsy of one of these showed epidermal 
spongiosis and necrosis of the underlying dermis as seen in 
HV.’ These lesions healed with scarring. 

Exposure of the back of the patient to a wavelength of 375 
nm for 5 min at a dose of 5-5 x 107 J/m?, produced no response 
but 11 min of irradtation with 1-1 x10% J/m?, produced 
purpura within 24 h. This was repeated on another site and 
produced the same response. Other wavelengths used, 300, 
310, 330, 360 and 390 nm, did not induce the purpuric 
response. As in a previous report* we found that the HV lesions 
were caused by UVA and less energy was required to induce the 

_lesions at 330 nm than at 360 nm.? Exposure to 330, 340 and 
350 nm have been reported to cause the development of skin 
lesions in HY.° 

Although there are many factors that can produce purpura,°® 
these were excluded in our patient either from the history or 
from the laboratory investigations. It appears that in our 
patient purpura induced by monochromatic light at a wave- 
length of 375 nm affected and damaged the dermal blood 
vessels. It is not clear whether there is a relationship between 
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the vascular damage caused by this wavelength and the 
pathogenesis of the lesions of HV. We cannot explain why our 


patient never had purpura following sun exposure, though 
testing her with monochromatic light at 375 nm produced 
purpuric lesions. 


Department of Dermatology, K.SATO 
Osaka University School of Medicine, M.TSUJIMURA 
1-1-50 Fukushima, Y.KITANO 
Osaka 553, K. YOSHIKAWA 
Japan 
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Book Reviews 


Sexually Transmitted Diseases. T.F. Mroczkowski (1990). 
New York: Igaku-Shoin Medical Publishers Inc. Pp. 404. 
Mlustrations: 176. ISBN 0-89640-1-163-4. Price £96.00. 


This American book is the first volume in a series entitled 
‘Topics in Clinical Dermatology’. In the U.S.A., patients with 
sexually transmitted diseases may be seen by gynaecologists, 
urologists, general physicians and quite frequently dermatolo- 
gists, unlike in the U.K. where we have the well established 
specialty of Genito-Urmary Medicine, with the well organized 
clinics. However, the topic is appropriate for us because in 
1992 the U.K. and Republic of Ireland will be part of the 
European Community where dermatology and venereology is 
regarded by most member countries as one specialty. Almost 
certainly training in the U.K. in both these specialties will 
overlap considerably in the future. 

The book itself is full of detail regarding diagnostic methods, 
aetiology, epidemiology, clinical presentation, differential diag- 
noses and treatment. It 1s also well referenced. However, the 
layout is not very logical. Infection with chlamydia is certainly 
very common, but there are few skin manifestations and 
therefore an odd choice for Chapter 1. While discussing the 
diagnosis of chlamydia, the author refers the reader to Chapter 
2 where detailed sampling techniques for gonorrhoea are 
described. Other chapters deal with such topics as molluscum 
contagiosum and herpes and it ts not until Chapter 8 that 
syphilis, and Chapter 14, that AIDS are mentioned, both of 
which certainly have many dermatological presentations. 
Included in the text are good chapters on some tropical 
diseases. 

There are a lot of black and white and colour pictures, which 
presumably accounts for the high cost of this book. These 
pictures are of varying quality, but generally poor. 

At the cost of £96 there are cheaper and more suitable 
textbooks on sexually transmitted diseases available for the 
U.K. market. 


JANE E.ROBERTS 


Clinical Dermatology: A Colour Guide to Diagnosis and 
Therapy. T.P. Has (1990). St Louis: CV Mosby Company. Pp. 
756. Illustrations 875. 


This is the second edition of this well-illustrated textbook. Like 
its predecessor it aims to meet the needs of several widely 
different groups of readers—medical students, interns, general 
physicians and dermatologists. It covers all aspects of dermato- 
logical disease and available treatments. The layout and 
chapter headings are simular to those m the well-established 
dermatology textbooks. Aetiological factors and pathophysio- 
logy are dealt with briefly and the major part of each chapter 
deals with clinical features and management. 

The chapters on cutaneous infection, connective tissue 
diseases and bullous diseases are particularly good. The style 
throughout is very readable and the author uses tables to 
clarify information like frequencies of various autoantibodies 
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in connective tissue problems. This will endear the book to 
medical students and also perhaps to their harassed clinical 
teachers. Each chapter has an up-to-date extensive bibliogra- 
phy. Clinical photographs are generously spread throughout 
the book and are of extremely high quality. In addition there 
are several excellent line drawings including a ‘how to do it’ 
section on minor surgical procedures. 

The major part of each chapter is given over to the clinical 
features and treatment of the diseases. The treatment sche- 
dules are fairly detailed giving durations, dosages and possible 
complications. Drugs are described by both their generic and 
proprietary names which helps the British reader constderably. 
The author includes an exhaustive list of topical sterotds 
arranged in potency groups and a separate dermatological 
formulary for easy access to drug details. 

The language and suggested approaches to treatment are - 
much more American than British. Unfortunately no conces- 
sions to European treatments experience or publications are 
made whatsoever which may detract from its overall value. 
Despite this, I feel that this book would be a useful addition to 
the library of any dermatology department though ıt would 
never replace the established general textbooks. 


V.R.DOHERTY 


Eicosanolds and the Skin. Edited by T.Ruzicxa (1990). Boca 
Raton: CRC Press. Pp. 215. ISBN 0-8493-6032-3. Price £80. 


Thus book is aimed at basic researchers interested in the role of 
eicosanoids (arachidonic acid and its metabolites) in inflamma- 
tory and proliferative skin disease, cutaneous carcinogenesis, 
wound healing, immune regulation, and as dermatological 
targets for anti-inflammatory therapy. The book is in five 
sections dealing with (a) general aspects, (b) the role of 
arachidonic acid metabolism in skin disease (c) the biological 
and biochemical effects of arachidonic acid metabolites in skin, 
(d) inhibitors of arachidonic acid metabolism and (e) a brief 
summary of new concepts. Each section, excluding the last, 
contains between two and five detailed chapters. 

The editor has succeeded in recruiting an appropriate 
international panel of expert contributors who have on the 
whole produced up-to-date, well-balanced, informative 
chapters which include useful lists of references—between 18 
and 194 (mean 84) per chapter. Most chapters are in the form 
of reviews of vanable length with the exception of Chapter 7 
which deals with the isolation of a 5-HETE-specific chemotaxis 
inhibttor in psoriatic lesional scales. This chapter is more in the 
form of an original paper dealing with a single, narrow topic 
and therefore differs in structure from most of the other 
chapters. Chapter 11 was also rather short and narrowly 
focused, dealing with the effects of certain hydroxy fatty acids 
on fibroblast chemotaxis. 

Eicosanoids have occupied the minds of enormous numbers 
of researchers for at least two decades, although in comparison 


with other disciplines, dermatological researchers in this area 
have formed a relatively smali group. This research has not yet 
had much impact on clinical dermatology, although work over 
the next 5 years should reveal whether pharmacological 
manipulation of eicosanoids has any therapeutic potential in 
skin disease. It 1s now entirely appropriate that a book should 
be produced reviewing the work done mainly over the last 10 
years. I am not aware of any publication which competes with 
this volume, but at £80 it is expensive and therefore unlikely to 
be bought by individual researchers. However, it deserves to be 
in libraries serving academic dermatology departments and 
would be a valuable reference for non-dermatological e:cosa- 
noid biologists interested in the skin, whether in industry or 
academia. 


R.D.R.CAMP 


Immunodermatologle: Pathogenese-—Diagnostik—Therapie. 
Edited by HANS-DIETER GÖRING AND Lupwic RarrTH (1990). 
Leipzig: VEB Georg Theme. Pp. 272. Dlustrations: 43. ISBN 3- 
7404-0102-8. 


In recent years there have been an increasing number of books 
published on the theme of immunology and the skin. This ts not 
surprising as there have been great advances in our under- 
standing of immunological mechanisms behind commonly 
observed skin disorders. The developments in this field are 
rapidly changing and up-to-date information is essential. The 
two editors here are both from the part of Germany which used 
to be known as the German Democratic Republic. Twelve co- 
workers have contributed to the four chapters of the book. 

The four main sections of the book have as their headings 
Selected investigation methods; immunological aspects of 
dermatologically relevant disorders; immunotherapy and 
allergic reactions to naturally occurring chemicals. The infor- 
mation presented in the book is rather uneven but the section 
on complement disturbances and the discussion of the various 
methods of investigation of macrophage function are quite well 
written, 

Some of the comments on the clinical disorders where 
immune factors are thought to be important are rather 
unusual. For instance, in Chapter 2, Dr Göring separates so- 
called circumscribed scleroderma into 13 distinct forms. Most 
clinicians and investigators would feel there is a good degree of 
overlap between these different forms. Later in the same 
chapter the course of atopic eczema is illustrated in a table 
detailing 11 different variations. This sort of analytical 
approach again seems rather bogus and unhelpful. Although 
epidermolysis bullosa acquisita is mentioned, the information 
with regard to the EBA antigen is not as up to date as it might 
be. 

Although for the German reader there are some good 
contributions to this book, the overall impact is that of a rather 
uneven and slightly out of date introduction to immunoderma- 
tology and [ would feel that most individuals might find clearer 
and more succinct information in other sources. 


N.SMITH 
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Differential Diagnosis in Dermatology. R.ASHTON AND 
B.LeppARD (1990). Oxford: Radcliffe Medical Press. Pp. 300. 
ISBN 1-870905-21-0. Price £49.50. 


A novel approach to the dermatology textbook has been 
applied in this book aimed at primary care physicians faced 
with the problems of dermatological diagnosis in their busy 
surgery. The first chapter introduces the important historical 
points and physical signs to be elicited prior to using the 
subsequent chapters. These chapters are divided by site of the 
problem and subdivided on basis of history and clinical 
features. Each chapter consists of three parts, the algorithms, 
clinical pictures and text which are to be used together to arrive 
at the diagnosis. This task is simplified by the use of individual 
chapter indexes which allow rapid reference to the relevant 
section of the chapter. The algorithms are easy to follow, refer 
to other sections when needed and combine with the text and 
clinical photographs very well. The clinical photographs of 
which there are many are particularly worthy of mention as 
they are of excellent quality and all in colour. A certain amount 
of repetition is found with this format but in the context of the 
designed use of this text, as a rapid reference rather than as a 
conventional textbook I do not see this as a problem. One area 
that is notably missing from this book is therapy although I 
understand that another book is planned in the series with this 
aspect in mind, 

I am sure that general practitioners will find this book 
extremely useful when faced with a dermatological! diagnostic 
problem and will gain confidence in their diagnostic acumen 
due to the accessibility of the information and support of these 
excellent clinical photographs. However, they will need to 
spend a little time familiarizing themselves with the book, 
particularly the first chapter on history and examination and 
then require a reference on therapeutics and management. 


W.PERKINS 


Problematic Pigmented Lesions. A case method approach. 
M.C.Mum, JR. AND P.B.GooGE (1990). Philadelphia: Lea & 
Febiger. Pp. 543. ISBN 0-8121-1261-X. 


This is an interesting book. The starting point is the collection 
of ‘problem’ slides, some local, some referred, which all 
specialist pathologists have in a drawer, box or cupboard and 
draw on to illustrate lectures. The authors of this book have 
taken this a step further and turned them into a book. There are 
16 chapters, 15 dealing with specific melanocytic pathology 
problems such as the congenital naevus and its variations, 
vulvar naevus with atypism, primary versus metastatic mela- 
noma and similar difficult areas. After a brief introduction the 
chapter topic is expanded on by an individual case with the 
referral information, the report given, and an explanation or 
comment on the report. There are from four to eight illus- 
trations in black and white accompanying this text. There are 
also, tucked away at the end of the book, 20 pages of rather 
small colour illustrations duplicating a proportion of the black 
and white plates. They are not referred to in the body of the text 
so it is necessary to dip into the back to see if a colour 
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illustration is available. A problem with this book ts that overall 
the quality of the black and white illustrations is variable. This 
may well be explained by the problem of photographing slides 
sent from other centres, but now that the dermatopathological 
eye has acclimatized to the excellent black and white or colour 
reproduction offered by Bernard Ackerman or Philip McKee, 
less than excellent black and white illustrations are a disap- 
pointment. 

I liked the layout of the book and found the problems 
encountered very similar to those seen in Glasgow, but did not 
always agree with the opinions offered. Specifically, I felt that 
the authors had a rather broad concept of the pigmented 
spindle cell naevus and included in this category naevi I would 
have considered to be Spitz lesions. This is only of academic 


rather than patient management significance, but a second, 
rather more profound difference was in the authors’ interpreta- 
tion of the minimal deviation melanoma which they are happy 
to diagnose with no overlying junctional activity. The fact that 
the book is only generally referenced at the end and that there 
are no specific references tn the text made it difficult to take 
such disagreements further. 

In summary, this book ts a good idea in its layout but could 
be tmproved on in subsequent editions. The content !s probably 
most useful for those who already have a considerable 
knowledge of the difficulties of melanocytic pathology. They 
will find it both interesting and at times controversial. 


RONA M.MACKIE 


British Journal of Dermatology (1991) 124, 401. 


News and Notices 


18th World Congress of Dermatology 
12-18 June 1992, New York, U.S.A. 


The 18th World Congress of Dermatology will take place in 
New York City on 12-18 June 1992. To encourage the 
‘participation of young dermatologists, the Congress will award 
a limited number of scholarships. 

Dermatologists from Developing Countries. Applicants must be 
no older than 38 years of age at the time of the Congress. The 
scholarship will provide complimentary registration and hotel 
accommodations (two awardees to a room) and a moderate 
` subsistence allowance. The awards are competitive and are 
contingent on sponsorship by the applicant’s national soctety. 


Abstract submission 1s mandatory. Further information and 
application forms can be obtained from your national society 
before 1 June 1991. 

Dermatologists from Developed Countries. Applicants must be a 
Resident or Fellow in a full-time training programme. The 
scholarship will provide complimentary registration and a 
small subsistence allowance. A letter from the educational or 
training institution validating the applicant’s status must be 
submitted with the application form. Abstract submission is 
mandatory. The forms are available from: 18th World Con- 
gress Secretariat, 875 Kings Highway, W Deptford, NJ 08096, 
U.S.A. 
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practice and new developments in this 
field. Full length and review articles, news, 
reports of meetings, book reviews and 
letters are all included. It is the official 
journal of the Medical, Health and Wel- 
fare Libraries Group of the Library Asso- 
ciation, and incorporates the Group’s 
Newsletter. 


mani DAER NAA O «STIR: CURVE: OTA Gla. EORTC “CIS, TOSI HRN, Animal MAO 


Order Form 


Subscription Information 

Health Libraries Review is published 
quarterly. 

Subscription rates for 1991 are £55.00 
(UK), £60.00 (overseas) and US$110.00 
(USA & Canada) post free. Members of 
the Medical, Health and Welfare Librar- 
ies Group of the Library Association can 
subscribe at the special rate of £17.00. 
Members of the European Association 
for Health Information and Libraries can 
subscribe at the special reduced rate of 
£34.00. 


Mnie MAAA SORAAN GA «eT NAAA W “ARERR IANS A: AOGA PONTRA A 


Please tick the appropriate box and return to the address below: 


[ | I would like to subscribe to Health Libraries Review 


[ ] I wish to pay by cheque and enclose the sumoff __ USS 





[] I wish to pay by Access/American Express/Barclaycard /Diners Card / 


VISA /Mastercard (delete as neccessary) 


Expiry date / / withthe sumoff£ 


Signature _ 








= Date / / 


[_] Please send me a specimen copy of Health Libraries Review 


aprann deers rari bert AAAA r A steht M NS Aana mun RA Vine Hearn Hannan agaaa fl Aaaa yaana raa 


-JOURNALS- 






servile enren p dA A A aaan samedi veetinrrrretreinsieinny CA pre A  Ra arai ma ete NAA ARE AAA A AT A RTL Ane 


Laamann rninn aaa ana aaa ama AANA DAAA am a aa nt herve aaan dahanane 


Blackwell Scientific Publications 


Osney Mead, Oxford OX2 QEL Tel: (0865) 240201 





JOURNAL OF 


MEDICAL AND 


NEW 


TO BSP 
FOR 1991 


VETERINARY MYCOLOGY 


Official Journal of the International Society for Human and Animal Mycology. 
Chief Editor: E G V Evans, Department of Microbiology, University of Leeds, UK 
Associate Editors: D Kerridge, UK; K J Kwon-Chung, USA; A Stenderup, Denmark 


The Journal of Medical and Veterinary My- 
cology is a bi-monthly international journal 
publishing original articles that describe in- 
novative research work on all aspects of inva- 
sive fungal disease in man and animals. 
These include mycological, biochemical and 
molecular studies of the causal fungi; aspects 
of pathogenesis, immunology, and epidemi- 
ology; case reports of unusual infections; 
clinical and laboratory approaches to diagno- 
sis; antifungal therapy and prophylaxis; and 
the mode of action, pharmacokinetics and as- 
sessment of new antifungal agentsin animals 
and humans. The prime aim of the journal is 


to present the best work in its field from 
throughout the world, providing a compre- 
hensive reference base both for medical my- 
cologists and for clinicians, infectious disease 
physicians and microbiologists who encoun- 
ter fungal problems in their routine clinical 
and/or laboratory practice. 
SUBSCRIPTION INFORMATION 

Journal of Medical and Veterinary Mycology 
is published by Blackwell Scientific Publica- 
tions, bimonthly from February 1991. A sub- 
scription to Volume 29, 1991 costs: £135.00 
(UK), US$265.00 (USA & Canada) or £145.00 
(overseas) post free. 


en EA I ee TD Ee ee ee ee i SE 


Please tick the appropriate box and return to the address below: 
L_] I would like to subscribe to Journal of Medical and Veterinary Mycology 


[_] I wish to pay by cheque and enclose the sum of £ 


US$ 


L] I wish to pay by Access/American Express/Barclaycard /Diners Card/ 


VISA /Mastercard (delete as neccessary) 


Please debit my ereditari no. [TTT OT 


Expiry date / / withthe sum of£ 
Signature 


US$ 





Date / / 


[_] Please send me a specimen copy of Journal of Medical and Veterinary Mycology 


Name 
Address 


p $ | 
BSD Blackwell Scientific Publications 


Osney Mead, Oxford OX2 OEL Tel: (0865) 240201 


-JOURNALS - 








eg aa ae NaS 
Diagnosis, Therapy and Prophylaxis of Fungal Diseases 
Editor-in-Chief: 


tT ee PASESER 
siento ermine 


Mo Aan eta aidan te NRE tytn 


vie ri mnnawyanyeserecscen, 





To aaa cet 


Professor Dr. Johannes Muller, Institut fur Medizinische Mikrobiologie und Hygiene, 
Postfach 820, D-7800 Freiburg i. Br, Germany 


The journal MYCOSES provides an international forum for original papers, in English, on the pathogenesis, 
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decades opportunistic, deep-seated, life-threatening mycoses in at-risk patients have become a world-wide 
challenge to medicine. Also, veterinarians have to deal with mycoses in domestic animals, some forms of 
which can be transferred from animals to man. 


Medical mycology is a rapidly advancing field of medical microbiology. Effective therapeutic strategies are 
already available in chemotherapy and further strategies are being developed. Their application requires 
reliable laboratory diagnostic techniques which in turn result from mycological basic research. Opportuni- 
stic mycoses vary greatly in their clinical and pathological symptoms because the illness of the at-risk 
patient has a profound effect on their symptomatology and progress. MYCOSES publishes original articles on 
research work from all over the world reflecting current progress alt the forefront of fundamental research 
and therapeutic development. Furthermore, highly informative case studies are published regularly. The 
short communications are of equal importance and interest, reporting on special mycological topics which 
make a valuable contribution to the field of fungal disease. 
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Edited by C.S. Potten (European Editor) and 
Z. Darzynkiewicz (North American Editor) 


Cell Proliferation is devoted to studies of cell prolifera- 
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the rapid development, during the past twenty years, of research on the 
physiology and experimental pathology af the skin has been reflected 
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publication of both experimental and clinical research and serves 
equally the laboratory worker and the clinician. To bridge the pap 
between laboratory and clinic the journal publishes signed editorials 
reviewing, primarily for the beneht of the clinician, advances in 
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reactions. Other regular features include book reviews. cor respon 
dence and society proceec dings. The Journal is the official organ of the 
British Association of Dermatologists and also of the Netherlands 
Association for Dermatology and Venereology. but it attracts contribu- 
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circulation is equally international. 
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to the Editor, Professor S. S. Bleehen. Dermatology Department. Royal 
Hallamshire Hospital. Sheffield 510 2[P. Manuscripts should be 
typewritten on one side of the paper only. with a wide margin, be 
double spaced. and bear the tite of the paper, name and address of each 
author. together with the name of the hospital, laboratory or 
institution where the work has been curried out. The name and full 
postal address of the author who will be responsible for reading the 
proofs should be given on the first page. The author should kee pa 
carbon copy of his manuscript. The Editorial Board reserves the rightto 
make literary corrections. 


Hustrations should be referred to in the text as Figs. and be given 
Arabic numbers, and should be marked on the back with the names) 
of the author(s) and the title of the paper. Where there is any possible 
doubt as to the orientation of an illustration. the top should be marked 
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should be given Arabic numbers. 


Abbreviations and units. Full names with uncommon abbreviations 
must be given with the first mention: new abbreviations should be 
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and Medical Editors and Authors (1988) The Royal Society af Medicine. 
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References. Only papers closely related to the author's work should be 
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(3) title of journal abbreviated in the standard manner: i4) vear ol 
publication: (5) volume: (6) page numbers of the article, Thus: Cunliffe 
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referred to. Thus: Beare JM, Wilson Jones E. Necrobiotic disorders. im 
Textbook a Dermatology (Rook Aj, Wilkinson DS. Ebling FE}. eds). 2nd 
edn. Vok 2. Oxford: Blackwell Scientific Publications, 1972: 106. 


Page proofs will be submitted without the original typescript to the 
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WHEN THE SUN IS THE ENEMY, HERE'S A FRIEND. 


The new Sun E45 range is a major breakthrough Sun E45 SPF 15 provided significantly higher pro- 
designed to help people with photosensitivities. tection at 350 and 400 nanometres than the UK's most 
Thanks to our patented technology, this allergy- commonly prescribed sunblock.’ 
screened, perfume-free, long-lasting Another study, in patients with 
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one sunscreen only: the non-irritant pared the protection against blue 
light provided by Sun E45 Sun Block 


SPF 25 and the UK's prescription 
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protection ratio of 2 to 1, and provides 


leader. 
The median protection factor for 


better UVA protection than the major Sun E45 was 2:5. Its competitor gave 





prescribed sunscreens' —as measured no protection whatsoever.* The new | 


by the Diffey method“ Sun E45 also performs Sun E45 range offers excellent protection for people 


extremely well in clinical trials. In one study, in who need it most. Prescribe* and recommend it 


patients with chronic actinic dermatitis, SUN F4 with confidence. 
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DERMATOLOGICAL PROTECTION FOR SUN-SENSITIVE SKIN. | 
=> 


“Sun E45 SPF 15 and 25 are indicated for photosensitivities induced by photodermatosis and radiotherapy (ACBS). Refs. 1-4 Data on file 
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Summary 


The association of calgranulins, intracellular calcium-binding proteins, with the keratinocyte 


cytoskeleton has been studied. These molecules are expressed in various inflammatory dermatoses 
and in organ-culture explants. Triton X-100 extraction in the presence of calcium or EDTA suggested 
that calgranulins are detergent insoluble in the presence of calcium. The molecules were localized in a 
plaque-like structure at the cell periphery in lesional skin and in organ-culture explants. Following 
induction of calgranulins in vitro there was a redistribution of the intermediate filament cytoskeleton 
into a perinuclear halo, although desmosomes remained intact. These various features suggest that 
these members of the S-100 protein family have a role tn cytoskeletal changes seen in various skin 


diseases. 


Calgranulins are intracellular calcium-binding proteins 
which are expressed in keratinocytes in various inflam- 
matory dermatoses.1-* Two calgranulin molecules have 
been identified. Calgranulins A and B are polypeptides of 
11 kDa and 14 kDa, respectively, and exist intracellu- 
larly as a non-covalently bound heterodimer.* They 
were initially identified as myeloid differentiation 
markers.*© The genes encoding both calgranulins have 
been cloned and sequenced. Both genes are located on 
chromosome 1 and by gene sequence homology and 
exon/intron-structure have been classified as belonging 
to a family of intracellular calcium-binding proteins.*’ 
Other members of the family include S-100 « and $f 
proteins, calcyclin (2A9), intestinal calcium-binding 
protein (calbindins) and the p11 regulatory subunit of 
lipocortin I/calpactin I. Although the calcium binding 
site is of the E-F hand structure, these proteins show no 
other homology with calmodulin and are therefore 
considered to be a distinct family. The several members 
of this family have been shown to be important in 
intracellular calcium sequestration, the regulation of 
phospholipase A2 inhibition by lipocortin and binding to 
growth factor receptor tyrosine kinase substrates.’ 
These calcium binding proteins also exhibit molecular 
association with different parts of the cytoskeleton of the 


Correspondence: Dr S.E.Kelly, Department of Dermatology, Level 4, 
Lauriston Building, The Royal Infirmary, Edinburgh EH3 9YW. 


cells in which they are found? and with cytoskeletal 
extracts in gel-overlay experiments.!° 

We have previously shown that these molecules are 
induced in lesional keratinocytes over a period of 24 h? 
and can be induced in keratinocytes in vitro over a 
similar time course.'! Calgranulin expression in these in- 
vitro experiments occurred independently of other 
markers of cutaneous inflammation and was indepen- 
dent of cell proliferation but required de novo mRNA and 
protein synthesis. 14 

In this paper we have examined the association of 
epidermal calgranulins with the cytoskeleton of kerati- 
nocytes in inflammatory dermatoses as seen in other 
members of the S-100 protein family in other tissues. We 
have also investigated the calcium dependency of cyto- 
skeletal binding of calgranulin and described the struc- 
tural alterations of intermediate filaments which accom- 
pany calgranulin expression. 


Methods 
Explant culture 


Skin specimens were obtained from redundant skin at 
reduction mammoplasty. Discs of skin, 2 mm in dia- 
meter, were immersed in tissue culture fluid (Glasgow’s 
modification of Eagle’s medium supplemented with 10% 
fetal calf serum and containing 100 IU/ml penicillin and 
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50 ug/ml streptomycin) in a Petri dish and cultured at 
37°C in 95% air/5% CO, for up to 48 h. 


Immunocytochemistry 


Skin biopsies from inflammatory dermatoses and tissues 
from in vitro normal skin explants were snap frozen in 
OCT in liquid nitrogen and stored at — 70°C until use. 
We and others have documented the range of inflamma- 
tory dermatoses diseases in which calgranulin is 
expressed,?'3 so we chose a smaller number of cases from 
selected diseases for inclusion in this study (Table 1). 
Sections 5-ym thick were cut, mounted on glass slides 
and briefly fixed in cold acetone. Calgranulins were 
detected by the monoclonal antibodies MAC 387, CF145 
and CF557, the specificities of which have been de- 
scribed previously.*> Other antibodies to cell surface and 
cytoskeletal components were also used and are de- 
scribed in Table 2. Primary antibody binding was 
visualized by tndirect immunofluorescence or indirect 
immunoperoxidase methods as described previously.!? 


Microscopy 


The immunofluorescence preparations were examined 
using Zeiss confocal laser scanning microscopy (CLSM). 
This is a recent advance in light microscopy?? which 
provides digitally recorded high-resolution images with 
out-of-focus blur removed. In addition the image gener- 
ated is from a depth of field less than 1 ym even in 
specimens which are considerably thicker. We have 


Table 1. Selected dermatoses studied by immunofluorescence 


Bullous pemphigoid 8 cases 
Epidermolysis bullosa acquisita 1 case 

Linear IgA disease 3 cases 
Pemphigus vulgans 2 cases 
Lichen planus 2 cases 
Normal skin 5 cases 


Table 2. Specificity of antibodies used in this study 


Antibody Specificity 

MAC 387 Calgranulin B 

CF 557 Calgranulin B 

CF 145 Calgranulin A 

DF 1516 p105, basal keratinocytes 
LP 34 Cytokeratin 

Desmoplakin I and H Desmosoma! plaque protein 


previously used this technique to identify basement 
membrane micro-fragmentation and cytoskeletal 
changes in early lesions in bullous dermatoses.!? 


Western blotting 


Two extraction buffers were used in a method previously 
described./! The detergent-based extraction buffer con- 
sisted of 8% (w/v) sodium dodecyl sulphate (SDS) in 50 
mM Tris-HCl containing 10 um phenyl methyl sulphonyl 
fluoride (PMSF), 10% (v/w) 2-mercaptoethanol, 4% 
(v/v) non-idet P-40 and 0:025% (w/v) 2-macroglobulin 
adjusted to pH 7:4. The urea-based extraction buffer was 
8 m urea in 50 mm Tris-HCI containing 10 mm PMSF, 
2:5 mm EDTA, 10% 2-mercaptoethanol and 0-025% 2- 
macroglobulin, also adjusted to pH 7:4. The electrophor- 
esis sample buffer contained 5% (w/v) SDS in 50 mm 
Tris-HCl] containing 10 mm EDTA, 10% 2-mercaptoeth- 
anol and 0-04% (w/v) bromophenol blue. For separation 
of urea-extracted tissue, urea to a final concentration of 
8 M was added to this buffer. 

Three tissue samples from psorlatic scale and two from 
bullous pemphigoid epidermis were used. The samples 
were homogenized and sonicated (12 kHz) at 4°C in TBS 
containing 10 mm PMSF. The samples were extracted 
using the detergent-based extract and the detergent- 
soluble fraction was collected. The detergent-insoluble 
residue was then extracted with the urea-based extract 
and this fraction was collected. Both fractions were then 
analysed by Western blotting. 

Gel electrophoresis was performed with the Phast gel 
system using 12:5% homogeneous precase polyacryl- 
amide gels. In later experiments 5-25% gradient gels 
were also used. 

The separated proteins were transferred to nitrocellu- 
lose paper and free-protein-binding sites were blocked. 
Strips of nitrocellulose paper were incubated with 
primary antibodies. Antibody binding was visualized by 
an avidin-biotin alkaline phosphatase-labelled anti- 
mouse detection system (Amersham). The Western blots 
were examined visually and by LKB Ultrascan laser 
densitometry. The M, of reactive bands was calculated 
by using prestained M, markers in the SDS-PAGE. 

The antibodies used in the Western blotting experi- 
ments were MAC 387 (1/10) to detect calgranulin, LP34 
(1/10) to confirm reactivity with the appropriate cyto- 
keratins and anti-a feto protein (1/10) as a control. 


Cytoskeletal extraction 


Tissue from 2-mm diameter skin biopsies of lesional skin 
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or from the tissue-culture explants was extracted in 
detergent buffer for 20 min. The extraction buffer 
consisted of Triton X-100 0-2% in PBS with either 2 mM 
CaCl, or 2 mm EDTA. The insoluble tissue fragments 
were then fixed and processed for immunocyto- 
chemistry. 


Electron microscopy 


Pieces of tissue culture explants | mm in diameter were 
fixed by immersion in 3% glutaraldehyde in 0'2 M 
sodium cacodylate pH 7:4 for 2-4 h at 4°C. Tissues were 
post-fixed in 1% osmium tetroxide for 24 h. Tissue was 
embedded in araldite, 90-nm sections cut, mounted on 
copper mesh grids and stained with uranyl acetate and 
lead citrate. Ultrathin sections were viewed on a JEOL 
100s transmission-electron microscope. 


Results 
Intracellular localization of calqranulin 


Reactivity for pl 1 and p14 calgranulin was seen in the 
keratinocytes of lesional skin and in the skin explants as 
previously described.'' Staining using indirect immuno- 
fluorescence to detect the calgranulins in frozen sections 
and visualization by high-resolution confocal laser scan- 
ning microscopy showed punctate staining at the cell 
periphery (Fig. 1). This pattern was seen in both lesional 
skin and in organ-culture specimens (24 hin culture). A 
similar localization in both tissue types was seen in 
sections stained with antibody to desmoplakin | and II 
(Fig. 2). 





Figure 1. Confocal laser scanning microscopy of a biopsy from an 


epidermolysis bullosa acquisita lesion showing staining for calgranulin 
localized to plaque-like structures at the cell periphery. CF 557 
indirect immunolluorescence. 





Figure 2. A section adjacent to that in Figure | showing the plaques of 


desmosomes stained with a monoclonal antibody to desmoplakins 


The binding of calgranulins to detergent-insoluble 
cytoskeletal components was investigated by Triton 
extraction in the presence or absence of calcium 
Sections from tissue extracted by Triton X-100 in the 
presence of Ca** showed immunoreactivity for calgran 
ulin whereas tissue extracted in the presence of EDTA 
was negative (Fig. 3). Adequate extraction in the Triton 
X-100/Ca** method was confirmed by the loss of the 
epidermal cell membrane antigen detected by DF 1516 


Western blotting 


The Western blotting experiments confirmed that the 
molecules detected by antibodies CF145, CF557 and 
MAC 387 in lesional keratinocytes had M, of 11 kDa, 14 
kDa and 14 kDa, respectively (Fig. 4). This is identical to 
the M, of the calgranulins extracted from leucocytes 
L.P34 showed reactivity with several cytokeratin bands 
between M, 45 kDa and 60 kDa. The antibody to 
desmoplakin I and II reacted with bands of M, 210 kDa 
and 240 kDa. 


Cytoskeletal reorganization and calgranulin expression in 
tumour culture explants 


Electron microscopic examination of skin explants was 
performed on tissue sampled at 0, 6 and 24 h in culture 
The morphology at 0 and 6 h was that of norma 
epidermal keratinocytes. However at 24 h. by which 
time calgranulin expression was confirmed, there was a 
change in the keratinocyte cytoskeleton. Bundles ol 
intermediate filament (10-nm diameter) were seen in 
dense masses surrounding the nucleus (Fig. 5a). Desmo 
somes remained intact and some intermediate filament: 
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were seen inserted into the desmosomal plaques (Fig. 6). 
The epidermal cells from tissue explants contained 
pinocytotic vesicles. Immunofluorescence staining with 
LP34 showed strong fluorescence in a perinuclear 
distribution with separate peripheral cytoplasmic reacti- 
vity in explants after 24 h in vitro (Fig. 5b). At culture 
times of O and 6 h more diffuse cytoplasmic reactivity 
was seen. 


Discussion 


Calgranulins are calcium binding proteins which are 
found in keratinocytes in lesional skin from a variety of 
inflammatory dermatoses but which are not present in 
normal epidermis.'"* We have previously shown that 
calgranulin A and B are simultaneously co-expressed, 


3 AE ay 


Figure 3. MAC 387 staining of organ culture 


" explant extracted by Triton X-100 in the 


presence of (a) Ca** and (b) EDTA. Reactivity 
is seen in the epidermis only in (a). MAC 
387. organ culture explant 24 h, indirect 
iS immunoperoxidase. 


that the keratinocytes synthesize calgranulins rather 
than absorption of protein secreted by inflammatory 
cells and that their expression in inflammatory derma- 
toses requires de novo mRNA transcription and protein 
synthesis in keratinocytes.'' We have studied the cyto- 
skeletal association of calgranulins in keratinocytes and 
have found evidence for the calcium dependency of this 
interaction. 

We have used the criteria of detergent insolubility and 
co-localization with a known cytoskeletal component to 
detine the cytoskeletal association of calgranulins. These 
criteria have previously been widely accepted.?'* 
Osborn et al.” have shown that the calgranulin homo- 
logue pll, the regulatory subunit of lipcortin Il, was 
associated with the cytoskeleton. They have shown for 
pll, as we have for calgranulin, that the detergent 
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Figure 4. Western blot of urea-based extract from lesional keratinocytes. MAC 387 detects a band of M, 14 kDa. Control experiments of normal skin 
extract (1) and use of an irrelevant antibody on lesion skin extract (IM) show no reactivity. 





Figure 5. (a) Electron micrograph of cell from the immediate suprabasal layer of the epidermis of a tissue explant cultured for 24 h during which 


calgranulins were induced. There is collapse of the intermediate filament network into a perinuclear halo but desmosomes remain intact. (b) Frozen 
sections of similar tissue stained with LP 34 to detect cytokeratin viewed by confocal laser scanning microscopy shows reactivity in a perinuclear halo 
(arrow) and some reactivity at the cell periphery (arrowhead). 


insolubility of these calcium-binding proteins was 
dependent on the presence of calcium ions in the 
extraction medium. Both p11 and calgranulin became 
detergent soluble when EDTA was added to the deter- 
gent extraction buffer. 

In the frozen-section specimens the calgranulins were 


localized in plaque-like structures at the cell periphery. 
This cellular distribution was found in both lesional skin 
and tissue culture explants. Several different types of 
plaque-bearing junctions, which are part of the cell 
adhesion-cytoskeleton complex, are found in the skin. 
Hemidesmosomes are found in basal keratinocytes!’ but 
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Figure 6. Electron micrograph of intact desmosomes after the induc- 
tion of calgranulins in vitro. 


calgranulins are poorly expressed by these cells.'' 
Desmosomes and zonulae adherentes both contain 
electron-dense plaques and are found in keratinocytes. '° 
In our experiments the proteins of desmosomal plaques 
and desmoplakins 1 and 11 showed a similar distribu- 
tion to calgranulin. Ultrastructurally desmosomes were 
normal in the tissue culture specimens although zonulae 
adherentes were poorly represented. Wilkinson et al.* 
also noted plaque-like reactivity for calgranulin in oral 
mucosa and psoriatic epidermis. 

In the organ culture explants on immunocyto- 
chemistry keratin reactivity became condensed into a 
perinuclear halo. This observation was confirmed by 
electron microscopy which showed that bundles of 
intermediate filaments were concentrated around the 
cell nucleus. A similar redistribution of intermediate 
filaments is seen in keratinocytes cultured in low 
calcium conditions.'’ 

In formalin-fixed tissue a more diffuse pattern of 
calgranulin distribution is seen.” ° However, this fixative 
does not contain calcium ions and calgranulin may 
dissociate from its plaque site. Furthermore it has 
previously been noted that in formalin-fixed tissue 
desmosomal protein and glycoproteins may show a 
diffuse cytoplasmic distribution on immunocyto- 
chemistry.'*:'” 

The significance of calgranulin expression and its 
calcium-dependent localization in the detergent-insolu- 
ble plaques is not known. Several regulatory molecules 
and protein kinases including src pp60 are present 
within junctional plaques.*”*'! The major substrate for 
C-SRC tyrosine kinase is p36,” now known to be the 
heavy chain of lipocortin II." The regulatory subunit of 
lipocortin II, pll, is extensively homologous with 
calgranulin.**?* It has recently been shown that mono- 


cyte p14 (calgranulin B) is phosphorylated in a calcium- 
dependent manner on the THR residue at position 11 3.7 
Interestingly, the calgranulin complex specifically in- 
hibits the activity of casein kinase I and II-® which are 
threonine kinases.*’ The interrelationship of these 
enzymes and their inhibitor, calgranulin, which is itself a 
potential substrate for the kinase activity, needs investi- 
gation. Casein kinase II phosphorylates myosin light 
chain** and thus may enhance cell motility. Inhibition of 
the kinase may account for the inhibitory effect on 
leucocyte migration of calgranulin.” The function of 
calgranulin in keratinocytes, its localization in a cyto- 
skeletal/junctional plaque and its inter-relationship with 
protein kinases and their substrates are worthy of 
further investigation. Experiments are now underway to 
establish the identity of molecules in cytoskeletal 
extracts to which calgranulins bind in gel-overlay 
techniques using recombinant calgranulin protein. 
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Human skin basement membrane-associated heparan sulphate 
proteoglycan: distinctive differences in ultrastructural 
localization as a function of developmental age 
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Recent studies have demonstrated that skin basement membrane components are expressed within 
the dermo-epidermal junction in an orderly sequence during human foetal development. We have 
investigated the ultrastructural localization of basement membrane-related antigens in human foetal 
skin at different developmental ages using two monoclonal antibodies to a well-characterized 
basement membrane-assoctated heparan sulphate proteoglycan. A series of foetal skin specimens 
(range, 54-142 gestational days) were examined using an immunoperoxidase immunoelectron 
microscopic technique. In specimens representing very early developmental ages, very diffuse 
immunoreaction products were detected. However, by approximately 76 gestational days, some 
accentuation of heparan sulphate proteoglycan was noted along the lamina densa, and by 142 
gestational days, the distribution of heparan sulphate proteoglycan was identical to that observed in 
neonatal and adult human skin. These findings demonstrate that active remodelling of the dermo- 
epidermal junction occurs during at least the first two trimesters, and affects not only basement 


membrane-assoclated structures but also specific antigens. 


Basement membranes (BM) are highly organized extra- 
cellular matrices which serve a variety of critical 
functions, depending on which organ and specific 
basement membrane is considered.’ Although some 
organ and species specificities exist with regard to the 
antigenic composition of vertebrate BM, in general each 
is composed of proteoglycans, glycoproteins, and both 
collagenous and non-collagenous proteins, which are 
distributed in an orderly fashion within specific ultra- 
structural regions. In addition, each known BM compo- 
nent develops in a predictable temporal sequence during 
foetal development, suggesting the possibility of differ- 
ences in function during different stages of organogene- 
sis. In skin, for example, it has been shown at the light 
microscopic level that the more widely distributed BM 
components, such as laminin, type IV collagen, heparan 
sulphate proteoglycan, chondroitin 6-sulphate proteo- 
glycan, fibronectin and LDA-1, are present when an 
intact lamina densa ts first observed, whereas other 
antigens having more restricted localization (i.e., con- 
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fined to the dermo-epidermal junction) appear later.”~!* 
To date, however, it is not known whether temporally 
dependent ultrastructural differences exist in the distri- 
bution of one or more of these BM components. 

One of the best characterized ubiquitous BM compo- 
nents is heparan sulphate proteoglycan (HSPG). Recent 
immunoelectron microscopic studies have demonstrated 
that a large HSPG, having a core protein of >400 kDa 
and composed of approximately 30% carbohydrate, is 
present primarily within the lamina densa and sub- 
lamina densa regions of the dermo-epidermal junction of 
neonatal foreskin and adult human skin, and that at the 
light microscopic level is detectable in human foetal skin 
as early as 54 gestational days.!* In the present study, 
we have sought to determine whether at the ultrastruc- 
tural level the location of this particular HSPG within 
foetal skin BM differs as a function of developmental age. 


Methods 
Source of immunoreagents 
Horseradish peroxidase-conjugated goat anti-rat IgG 
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and normal goat serum were obtained from Sigma (St 
Louis, MO, U.S.A.) and Cappel Laboratories (West 
Chester, PA, U.S.A.), respectively. Unless otherwise 
specified, all dilutions were prepared in 0-0067 mol/l 
phosphate-buffered saline (PBS) pH 7-4. 


Source of anti-HSPG monoclonal antibodies 


The two anti-HSPG monoclonal antibodies used in this 
study were provided by Dr Alexander V. Ljubimov (All- 
Union Cancer Research Center of the U.S.S.R. Academy 
of Medical Sciences, Moscow, U.S.S.R.). The parent 
monoclonal antibody-producing rat x mouse hybridoma 
cell lines, C11L1 and A7L6, were generated following 
immunization of Fisher rats with a murine EHS tumour 
laminin preparation containing entactin and HSPG.!>1® 
Both of these IgG2a, k monoclonal antibodies, obtained 
from hybridoma culture supernatants, have been shown 
to have binding specificity for the core protein of a high 
molecular weight (>400 kDa), low buoyant density 
HSPG present in EHS tumour and cultured human 
endothelium.?” 


Source of tissues 


Sixteen skin specimens from aborted normal human 
foetuses ranging in gestational age from 54 to 142 days 
were provided by Dr Karen Holbrook and the Central 
Laboratory for Human Embryology at the University of 
Washington (Seattle, WA, U.S.A.) These foetal skin 
specimens were previously shown to express laminin, 
type IV collagen, LDA-1 (a novel ubiquitous collagenase- 
resistant lamina densa antigen), fibronectin and chon- 
droitin 6-sulphate containing proteoglycan over this 
entire range of gestational ages.” 1712 


Indirect immunoelectron microscopy 


Indirect immunoelectron microscopy was performed 
with each anti-HSPG core protein monoclonal antibody, 
using 6-8-jam-thick cryosections of unfixed cryopre- 
served human foetal skin specimens as tissue substrates. 
Tissue sections were serially incubated with normal goat 
serum (1:10; 20 min; room temperature), anti-HSPG 
core protein monoclonal antibody (1:10; 18 h; 4°C), 
and horseradish peroxidase-conjugated goat anti-rat 
IgG (1:20; 18 h; 4°C). As a negative control, normal rat 
serum (1:10) was substituted for each of the two 
monoclonal antibodies. After re-fixation with 1% glutar- 
aldehyde, tissue sections were then incubated with 
diaminobenzidine and hydrogen peroxide, post-fixed 


with 1% osmium tetroxide, dehydrated with a gradient 
alcohol series, and embedded in Spurr’s resin. Ultrathin 
sections were counterstained with lead citrate and then 
examined under a Phillips 300 electron microscope. 


Results 


The ultrastructural localization for each of the two anti- 
HSPG core protein monoclonal antibodies was identical 
when compared on matched foetal skin samples of the 
same gestational age. Representative findings are illus- 
trated in Figure 1. At approximately 54 gestational days 
(Fig. la), a time closely corresponding to that in which 
the lamina densa is first detectable along the dermo- 
epidermal junction, ë immunoreaction products were 
diffusely present in amorphous band-like array through- 
out the entire region of the BM, extending from just 
beneath the basilar keratinocyte cytoplasmic membrane 
into the upper portion of the papillary dermis. Similarly, 
diffuse statning was noted at 67 gestational days (Fig. 
1b). By 76 days (Fig. 1c) and in all later aged tissues, 
however, increasingly dense, linear immunoreactant 
deposition could be noted, with primary accentuation 
along the lamina densa. By 142 gestational days (Fig. 
1f), the distribution of HSPG core protein was found to be 
identical to that previously observed in human neonatal 
foreskin and adult skin.'* In particular, whereas the 
primary localization of HSPG core protein was readily 
detectable in a defined linear array along the lamina 
densa, specific immunoreaction products could also be 
observed around individual collagen fibrils and some 
anchoring fibrils tn the uppermost part of the papillary 
dermis, as well as more weakly staining focal portions of 
the lamina lucida directly underneath basilar keratino- 
cyte-associated hemidesmosomes. It could not be deter- 
mined whether some of these immunoreactants were 
present within the hemidesmosomes themselves, due to 
technical limitation in both resolution of epidermal 
cellular ultrastructural morphology (due to cryopreser- 
vation-induced artefacts which were present within the 
keratinocytes) and the staining technique employed. 


Discussion 


Electron microscopic studies have demonstrated that the 
human dermo-epidermal junction is composed of a 
variety of structures that include the lamina lucida, 
lamina densa, hemidesmosome, anchoring filament, 
sub-basal dense plate, and anchoring fibril. The appear- 
ance of each of these structures occurs in a predictable 
sequence during the first and second trimesters. 4618-23 
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Figure 1. Indirect immunoelectron microscopic study of human foetal skin, using a monoclonal! antibody specitic for heparan sulphate proteoglycan 
core protein and an immunoperoxidase technique. Figures a-f correspond to 54. 67, 76, 81, 86 and 142 gestational days, respectively. be, basal cell 
(keratinocyte); de, dermis. All magnification bars = 1 um; magnifications ~ 25,800. (a) and (b) Ilmmunoreaction products (open arrow) are diffusely 
distributed in a broad, band-like array along the dermo-epidermal junction. without accentuation of any specific ultrastructural regions. Arrowheads 
denote approximate location of basilar keratinocyte cytoplasmic membrane. (c) By approximately 76 gestational days, immunoreaction products 
begin to become somewhat more confined, in linear array, to the lamina densa (thick arrow) and to a lesser extent, to the uppermost papillary dermis 
(open arrow). Arrowheads denote location of developing hemidesmosomes along the basilar keratinocyte cytoplasmic membrane. (d) and (e) By 81 
and 86 gestational days, respectively, the primary localization of immunoreactants is along the lamina densa (thick arrow) although lesser amounts 
are still detectable within the upper dermis (empty arrow). (f) By 142 gestational days, virtually all of the immunoreactants are confined in almost 
continuous array to the lamina densa (thick arrow). Whereas more diffuse staining of the upper dermis is no longer noted. focal deposits of 
immunoreactants may still be seen around isolated upper dermal collagen fibres (open arrow) and anchoring fibrils, as well as focally and weakly 
within the lamina lucida (thin arrow), especially in areas directly underneath hemidesmosomes (arrowheads). 


antigens.” '* In the present study, we have used 
immunoelectron microscopy to investigate the ultra- 


With the exception of a recently published study on the 
ultrastructural detection of type VII collagen in early 


foetal skin specimens,”? all previous work on the antigen- 
icity of foetal skin BM has been confined to immunotluor- 
escence studies. From these it is clear that there is a 
temporal sequence for the expression of many of these 


structural localization of one such ubiquitous BM com- 

ponent, heparan sulphate proteoglycan core protein. 
As previously described, a rather amorphous distribu- 

tion of HSPG was noted along the dermo-epidermal 
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junction in the earliest age of the human foetal skin 
specimens that were examined. With increasing deve- 
lopmental age, however, the distribution of HSPG 
progressively approached that observed in neonatal 
foreskin and adult human skin,!* including around 
other structures (t.e., collagen fibres, anchoring fibrils) 
closely associated with the dermo-epidermal junction. 
These findings demonstrate that human foetal BM is 
subjected to a dynamic process of antigenic remodelling 
and re-distribution throughout the course of develop- 
ment, rather than simply acquiring additional morpho- 
logical structures, such as hemidesmosomes and 
anchoring fibrils, with increasing age. A previous study 
of fibronectin distribution in developing rat skin has 
shown some similarity to these findings.*? Whereas in 
the early embryonic rat dermo-epidermal junction fibro- 
nectin was diffusely distributed, a more restricted pattern 
of fibronectin staining (i.e., to the lamina lucida and sub- 
lamina densa regions) was apparent as epidermal strati- 
fication proceeded at about 17 gestational days. Unlike 
the findings in the present study with HSPG, however, a 
marked decrease in the amount of fibronectin staining 
was seen during subsequent stages of rat skin develop- 
ment.?° 

It is unknown whether, or how, such antigenic re- 
distribution might influence the timing of or sites for the 
appearance of other BM-associated structures. Similarly, 
it is impossible, based upon the approach taken in this 
particular study, to identify a single specific developmen- 
tal time or structure which signals a more adult-like re- 
distribution of HSPG along the dermo-epidermal junc- 
tion, although the detection of some initial accentuation 
of HSPG along the lamina densa by approximately 10 
gestational weeks might suggest some rough correlation 
with the time at which hemidesmosomes are reportedly 
first observed.'??3 However, these data do suggest that 
other ubiquitous BM components may experience simi- 
lar ultrastructural re-distribution in the human foétus, 
with their final localization probably reflecting a com- 
promise between those spatial orientations most optimal 
for interactions among specific BM molecules and the 
inclusion of specific structures within the maturing 
basement membrane zone. In support of the latter 
hypothesis, preliminary data from our laboratories with 
monoclonal antibodies to the A and B chains of human 
laminin demonstrate a similar tendency for an amor- 
phous distribution along the dermo-epidermal junction 
during early foetal skin development, and more res- 
tricted distribution with advancing gestational age.*° As 
yet there is no direct way to determine whether these 
temporal differences in the ultrastructural location of 


HSPG may also indicate changes In function as a 
reflection of gestational age. 
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Hair growth inhibition by heparin in mice: 
a model system for studying the modulation of 
epithelial cell growth by glycosaminoglycans? 
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Although it is known that glycosaminoglycans (GAG) can affect hair growth, their role in follicular 
growth regulation is not yet understood. We have administered one such GAG, heparin, to anagen- 
induced mice to help to elucidate this role, using the C57 Bl-6 model for murine hair growth studies. 
Heparin was found to exert dose- and hair cycle-dependent, differential effects on skin epithelial cell 
functions. Intraperitoneal, but not topical application of heparin inhibited the development of anagen 
follicles in anagen-induced mice as assessed by morphometry. When the skin of heparin-treated mice 
was cultured in an organ culture assay, the epidermis showed a significant increase in the synthesis of 
arginine-rich proteins (ARP), while epithelial bulb, but not epidermal cell proliferation was reduced in 
comparison with control skin. In mouse-skin organ culture, the effects of direct administration of 
heparin to the medium on epithelial cell proliferation and ARP synthesis were dose-dependent and 
varied (inhibition or stimulation of either parameter), depending on the stage of the hair cycle, the cell 
population in question (epidermal vs. epithelial bulb keratinocytes), and the length of incubation. 
PAM cell and mouse dermal papilla cell proliferation in vitro was inhibited by heparin. We conclude 
that heparin may be a useful tool for characterizing the role of GAG in epithelial cell biology and 
epithelial-mesenchymal interactions in general, and in hair growth in particular. 


Hair growth results from epithelial-mesenchymal inter- 
action? and because programmed changes in the extra- 
cellular matrix (ECM) composition are an important 
mode of intercellular communication, ** the role that 
ECM plays in this interaction is of interest.” The ECM 
consists primarily of fibrous proteins embedded in a 
hydrated polysaccharide gel formed by glycosaminogly- 
cans (GAG), which are commonly linked to protein in 
the form of proteoglycans.’ Due to their capacity for 
multiple interactions with other molecules and their role 
in cell adhesion and cell-cell interactions as well as in 
the control of cell proliferation and morphogenesis they 
have been viewed as a multipurpose ‘glue’ in cellular 
interactions.*°” In the context of hair growth, gly- 
cosaminoglycans (GAG)—particularly heparin and 
heparan sulphate, two polysaccharides abundant in 
skin? ’—are of special interest, because a number of 
clinical and experimental observations suggest an im- 
portant role for GAG in the regulation of hair growth. 
It has long been recognized that reversible, dose- 
Corresponence: Dr R.Paus, Department of Dermatology, University 


Hospital Rudolf Virchow, Freie Universität Berlin, D-1OO0 Berlin 65, 
Germany. 


dependent hair loss is one of the most common side- 
effects of systemic heparin therapy in man. reportedly 
occurring in up to 50% of patients.*'? GAG storage 
diseases with abnormal dermal accumulation of GAG 
(e.g. mucopolysaccharidoses, myxoedema, cutaneous 
mucinoses) are frequently associated with changes in 
hair growth; dependent on the type of GAG accumu- 
lated, this results in either follicular atrophy or focal 
hypertrichosis.*!! That GAGs can affect hair growth is 
also suggested by alopecia mucinosa, a rare disorder of 
follicular GAG production, which affects the piloseba- 
ceous apparatus and results in hair loss.'*-!? 

Evidence has accumulated that the hair cycle is 
associated with significant, cycle stage-specific and 
tightly regulated changes in the GAG composition and 
concentration in the skin, which are particularly evident 
in rodents.'*"'8 The heparin concentration in rat skin, 
for example, shows a sharp, short-lasting peak in 
anagen, with baseline levels in catagen and telogen: 
correspondingly, the number of dermal mast cells (main 
producers of and cellular reservoir for oe changes 
during the different phases of the o rat Dale oy + The rat 
hair cycle also exhibits congi 
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fluctuations of skin proteoglycans.'®'*® Intradermal 
GAG-injections were reported to stimulate hair growth 
in rabbits,?° while a host of growth-modulatory effects of 
different GAGs on epithelial and mesenchymal cells in 
vitro have been reported.7) +# 

How heparin or other GAGs affect hair growth is as yet 
unclear as it has not been studied systematically. 
Understanding these hair growth-inhibitory effects of 
heparin is not only clinically important, but may also 
provide new insight into the biological functions of 
heparin and other GAGs in general in epithelial tissue 
growth and epithelial-mesenchymal interactions. In 
addition to the anti-coagulative properties of heparin, a 
wide range of reported heparin effects must be considered 
such as antimitotic effects, cytokine-binding and immu- 
nomodulation in vitro; antianglogenic, tumour growth- 
inhibiting and morphogenic effects in viyo, 22274-26 

Using the previously described C57 Bl-6 mouse model 
for hair growth studies,?” °° heparin was administered to 
anagen-induced mice in vivo, and to anagen mouse skin 
grown in organ culture. The results of this pilot study 
suggest that heparin modulates skin epithelial cell 
growth in a hair cycle-dependent fashion, has differen- 
tial effects on epidermal and epithelial bulb keratinocyte 
growth in vivo as well as in vitro, and can stimulate the 
synthesis of arginine-rich proteins by keratinocytes (as a 
by-product, this study also reports the pattern of argi- 
nine-rich protein synthesis in murine skin during a full 
hair cycle). 


Methods 
Animals, cells and materials 


C57 Bl-6 mice (syngeneic, female, 6-8 weeks; Charles 
River, Kingston, NY, U.S.A.) in the telogen stage of the 
hair cycle (pink back skin) were anagen-induced by wax 
epilation as previously described.**3° Mouse dermal 
papilla cells were cultured from papillae that had been 
microdissected from the anagen vibrissae follicles of C57 
BI-6 mice using the method of Messenger?! as modified 
by Link et al.” and were cultured in 199 E medium with 
10% FBS and antibiotics and used at the second passage. 
PAM cells (a mouse keratinocyte cell line) were a gift 
from Dr R.Langdon, and were grown in DME with 10% 
FBS and antibiotics. Media were obtained from the Yale 
Media Facility, tissue culture reagents and FBS from 
Gibco, radioisotopes ([*H]-thymidine, [*H]-arginine, 
[?H]-leucine) from Amersham. Heparin-sodium salt 
(porcine intestinal mucosa, #H-3125), was from Sigma 
and was diluted in Tyrodes’ balanced salt solution. 
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Heparin gel (‘Thrombocutan-Ultra Gel’, containing 500 
I.U. heparin-sodium/g) was a gift from Dorsch Co., 
Munich, Germany. 


Heparin in vivo 


One hour after anagen induction,?®3° heparin was 
administered intraperitoneally or topically to mice for 5 
days and mouse tissue harvested for histology or for skin 
organ culture. Intraperitoneally, 0:5 ml of 0-10 ug/ml 
heparin in Tyrodes’ were administered once daily, while 
topically, either 100 ug/ml heparin in 80% propylene 
glycol, 10% ethanol and 10% water or heparin gel 
(Dorsch) were applied twice daily (08—10.00, 16-18.00) 
with a brush to the back of anagen-induced mice. The 
effect of in vivo heparin administration on anagen follicle 
development was assessed histologically and quantified 
by morphometry as previously described.?”~*? 

The skin thickness, which greatly increases during 
anagen development,7*3?33 was measured semi-blind 
between the basement membrane and the upper margin 
of the panniculus carnosus as a reliable, indirect quanti- 
tative parameter for anagen development. This corre- 
lated predictably with the development of spontaneous 
as well as traumatically induced anagen and excluded 
the initial epidermal wounding response to the plucking 
stimulus.?”-29:3435 The appearance of trichohyaline 
granules (THG) was assessed semi-blind as a specific, 
qualitative marker for anagen follicles (THG is only 
present in the internal root sheath of anagen folli- 
cles??3637) and expressed as number of microscopic 
fields positive for THG per six fields (4 x 6 fields counted, 
x 100 magnification). The macroscopic skin colour and 
texture were recorded. 


Heparin ex vivo 


Using the previously described mouse-skin organ culture 
assay,2° back skin from mice treated for 5 days in vivo 
with either 0:5 ml of 0:5 ug/ml heparin or vehicle (as 
above) was harvested. Skin fragments (4 mm) from nine 
punch biopsies per mouse and culture dish were cultured 
at the air-liquid interphase (dermis down on steel grids, 
in 5 ml DME with 10% FBS and antibiotics) and pulsed 
with either 5 uCi/ml [H]-Tdr or 1 uCi/ml [PH-]Arg. After 
a 24-h incubation (‘short-term assay’, see below), the 
tissue fragments were washed in PBS, incubated over- 
night in 2 m NaBr at 4°C, washed again and the 
epidermis and dermis separated, and liquid scintillation 
spectrometry performed on each individual skin com- 
partment as previously described.?8-3038 Excluding the 
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highest and the lowest count in each group, radioisotope 
incorporation was expressed as the mean c.p.m.+1 SE 
(n= 7 per group). 


Heparin in vitro 


Using the same skin organ culture assay, heparin (0-5 
g/ml in 50 ul of Tyrodes’) was directly administered to 
the medium (pulsed at O h with (*H]-Tdr or [?H]-Arg as 
above). Back skin fragments were obtained from either 
telogen or early anagen (day 2 after induction) or late 
anagen (day & after induction) mice. Two protocols were 
used: ‘short-term’ assays were done with 4-mm 
punches, incubated for 24 h, while ‘long-term’ assays 
(early anagen only) were done with 2-mm punches, 
incubated for 48 h and pulsed with heparin for a second 
time at 24 h. The viability of 2 and 4 mm telogen and 
anagen skin fragments, cultured under assay conditions 
for 48 and 24 h, respectively, had previously been 
assertained, assessing [*H]-Tdr and [*H]-Arg incorpora- 
tion by autoradiography and scintillation spectrometry 
(R.Paus, unpublished data). In order to get an indication 
of heparin’s effect on general protein synthesis (prelimin- 
ary skin organ culture assays with heparin administra- 
tion had suggested no effect of heparin on | *H]-leucine or 
[?°S]-cysteine incorporation), [*H]-Leu incorporation (1 
uCi/ml) into early anagen skin in long-term organ 
culture (2 mm, 48 h, day 2 skin) was compared with that 
of [?H]-Arg. 

Preliminary experiments had suggested an antimito- 
tic effect of heparin in vitro (0-005-500 ug/ml) on rat 
and mouse papilla cells (MDP), rat dermal fibroblasts, 
A431 cells and human keratinocytes. Therefore, MDP 
cells (P-2) were plated in 24-well plates at 50,000 cells/ 
well in 199E medium with 10% FBS and PAM cells 
plated at 100,000 cells/well in DME with 10% FBS 24 h 
before the experiment. After exchanging the media (3 
ml) and pulsing each well with either 5 wCi/ml [°H]-Tdr 
or 1 pCi/ml PH]-Arg, 0-50 ug/ml heparin in Tyrodes’ 
were added. After incubating all groups for 18 h at 37°C, 
5% CO; air, 100% humidity, all wells were washed four 
times with cold PBS, the cells lysed in 300 ul of 0-1 mM 
NaOH/0:1% SDS, and the total amount of lysate counted 
by liquid scintillation spectrometry as before (fourth 
wash: background control). 


Hair cycle-associated ARP synthesis 


Because the hair cycle-associated proliferation kinetics 
of mouse epidermis and epithelial bulbs had previously 
been characterized by measuring incorporation of [*H]- 
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Figure 1. Dynamics of arginine-rich protein (ARP) synthesis during the 
murine hair cycle, The hair cycle-associated synthesis of ARP was 
measured by incubating C57 BI-6 mouse skin fragments from diflerent 
stages of an induced hair cycle (day 0-20 harvested at the day 
indicated) in DME +10% FBS+1 Ci/ml [°PH]-Arg at the air-liquid 
interface for 24 h, before counting either the whole fragment or 
epidermal and dermal fragment individually by liquid scintillation 
spectrometry. Counts are given in c.p.m.+SE and represent data 
calculated from 7-21 fragments from 1-3 mice per point. W. total 
c.p.m. of the whole skin fragment (epidermis and dermis not separa- 
ted): ©. c.p.m. of the epidermal fragment: O. c.p.m. of the dermal 
fragment (epidermis and dermis separated by NaBr incubation). 


Tdr into skin fragments from different stages of the hair 
cycle,’*” we characterized the hair cycle-associated pat- 
tern of arginine-rich protein (ARP) synthesis in mouse 
epidermis and epithelial bulbs, a keratinocyte differentia- 
tion marker,’? by assessing incorporation of [*H]-Arg 
into skin fragments harvested between days 0 and 20 
after anagen induction. Preliminary experiments 
revealed significant alterations of [*H]-Arg incorpora- 
tion in skin organ culture by addition of heparin to the 
medium. Fragments were harvested on the day indicated 
(Fig. 1), grown in short-term skin organ culture (4 mm, 
24 h incubation) as above, and scintillation spectro- 
metry performed on either the whole skin fragment. or 
the separated epidermal or dermal compartment; [*H]- 
Arg incorporation occurs primarily in epidermal and 
epithelial bulb keratinocytes.*? 


Results 


Arginine-rich protein synthesis during the mouse hair 
cycle (ex vivo assay) 


The first set of experiments further defined the previously 
reported mouse-skin organ culture assay. ° The pat- 
tern of arginine-rich protein (ARP) synthesis during the 
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mouse hair cycle is shown in Figure 1, which demon- 
strates that epidermal and dermal fragments exhibited 
two distinct patterns of Arg-incorporation. While incor- 
poration of Arg into the epidermis increased rapidly after 
anagen induction in telogen mice and peaked around 6 
days after anagen induction, the increase in dermal Arg 
incorporation was more subtle, less rapid and showed 
two peaks: one peak around day 3 after anagen 
induction, and the other towards the end of anagen (day 
16), shortly before the onset of catagen (day 17-20). 


Heparin administration in vivo (morphometric and ex-vivo 
assays) 


Intraperitoneal administration of heparin to anagen- 
induced mice once daily over 5 days resulted in a 
significant retardation of anagen follicle development 
that was evident both macroscopically and microscopi- 
cally. The inhibition of anagen development by heparin 
was dose-dependent and maximal at a medium-range 
concentration (Table 1) using the microscopic measure- 
ment of skin thickness as an indirect, quantitative 
parameter and the measurement of trichohyalin 
granule-formation as a direct, qualitative parameter for 
anagen development.*78 

Mice injected intraperitoneally with 0:25 ug heparin/ 
day showed a skin thickness of 230+3(SE) ym and 
significant retardation of trichohyalin granule develop- 
ment as compared to controls (skin thickness: 250 
pm+5). At this maximum inhibitory concentration, 
some skin sections showed epidermal hyperplasia with 
ortho- and parakeratosis as well as isolated mitotic 
figures in the basal keratinocyte layer of the epidermis. 
None of these changes were seen in control skin. No 
morphological abnormalities were seen in the hair 
follicles of either test or control mice. Macroscopically, 
the heparin-injected mice had a pink skin colour com- 
pared to the grey colour of control mice, reflecting the 
retardation of anagen-assoclated melanogenesis*® by 
heparin, and showed variable degrees of epidermal 
scaling. When the experiment was repeated with differ- 
ent batches of C57 BI-6 mice, the inhibitory effect of 
intraperitoneal heparin administration on morpho- 
metrically assessed anagen development was even more 
pronounced (Table 1, Experiment B shows one example). 

This effect was quanttflable by measurement of radio- 
isotope incorporation (ex-vivo assay), when mouse skin 
from animals treated daily for 5 days with 0-25 ug 
heparin or vehicle alone was cultured at the air—liquid 
interphase (Table 2). The dermal [*H]-Tdr incorporation 
(reflecting epithelial bulb keratinocyte proliferation) of 


Table 1. Effects of heparin administration in vivo on anagen develop- 
ment. Heparin was administered intraperitoneally (Exp. A) once daily 
over 5 days to anagen-induced mice (0-5 ml of conc. shown below; 
vehicle: Tyrodes’). Parameter: microscopic measurement of differences 
in skin thickness and of the appearance of trichohyalin granules 
(THG); number of flelds positive for THG per six fields. Exp. B shows a 
representative repeat of experument A. Topical heparin admmiustration 
was done by applying twice daily to the back of anagen-induced mice 
for 5 days, (control: vehicle only) either 100 ug/ml hepann m 80% 
propylene glycol, 10% ethanol, 10% H20, (Exp. C) or heparin-gel 
(Thrombocutan-Ultra Gel, 500 LE. heparin-sodium/g) (Exp. D) 


Experiment n(mice) Skin thickness {um -+SE) THG (+SE) 
Intraperitoneal heparin 
A 
Control 4 250(5) 5-3(0-3) 
Hep 10 ug/ml 6 240(4) 3+2(0-3) 
Hep 0:5* 10 230(3) [P<0-01] 2:0(0-3) 
Hep 0-005 8 260(5) 4:3(0 3) 
B 
Control 5 265(6) 5+5(0°3) 
Hep 0:5 yg/ml* 5 210(4) [P<0-001] 1+8(0:4) 
Topical heparin administration 
C 
Heparin ın PG/ethanol 
THG (flelds pos/6 flelds): Hep 4°6+2-4(SD) n= 5 
co. 5.9+0-2(SD) ne=5 


Macroscopic: no difference In skin colour or texture between exp. 
and co. 


Heparin gel 

THG: Hep. 5-°1+0-5(SD) n=5 
co. 5:7+0-3(SD) n= 5 

Macroscopic: no difference in skin colour or texture between exp. 

and co. 


* Histologically, epidermis thickened, ortho- and parakeratotic epider- 
mal hyperplasia, single mitotic figures; macroscopically, skin pmk 
instead of grey (controls), and palpably thinner than controls: 
epidermal scaling 


Table 2. Heparin in ex vivo skin organ culture. In vive administration of 
0-5 ug/ml heparin or vehicle control asin Table 1 (experiment A) over 
5 days, then skin organ culture (4-mm fragments, 24 h incubaton 
with [%H]-Tdr, [*H}Arg; n=4 mice/group, 4x7 fragments. 
c.p.m. + SE) 


(?H]-Tdr P [PH]-Arg P 


Control 33755+4754(SE) 
Heparin 39767+2669 


1608941697 
<0:05 2717441352 <0-001 


Dermis : 
Control 1547441346 5969+339 
Heparin 102094427 <0-:05 56384365 >0-:05 
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test skin was significantly lower than that of control 
skin; epidermal Tdr incorporation of test skin, in con- 
trast, was slightly higher than that of control skin 
(though statistically not significant). Unexpectedly the 
test epidermis showed significantly more [°H]-Arg incor- 
poration than the control epidermis, while no differences 
were found in the dermal Arg-incorporation. 

No significant inhibition of anagen development could 
be achieved by topical administration of heparin in the 
two topical formulations chosen (no difference in skin 
colour between test and control animals). After applying 
100 ug/ml heparin in 80% propylene glycol, 10% 
ethanol and 10% water or vehicle alone twice daily to 
anagen-induced mice for 5 days, skin sections of control 
animals had, out of six microscopic flelds, 5-9 +0-2 (SD) 
positive for trichohyaline granules, while the score in 
test animals was 4:6 + 2:4 (SD) flelds. When a commer- 
cially available heparin gel, used for topical heparin 
administration in humans (‘Thrombocutan Ultra Gel’, 
500 LE. heparin-sodium/g), was applied, the respective 
values were 5:7 +0:3 for control, and 5-1+0°:5 for test 
animals. 


Heparin administration in vitro (skin organ culture and 
cell culture) 


When heparin was directly administered to long- or 
short-term mouse-skin organ culture, there were 
marked differences in the effects of heparin application 
on [?H]-Tdr and [?H]-Arg incorporation (Table 3). The 
effects of heparin on both Arg and Tdr tncorporation 
were dose-dependent, and dependent on the stage of the 
hair cycle of the skin harvested for organ culture, the 
localization of epithelial cells (epidermal vs. epitheltal 
bulb) as well as on the length of incubation. 

In long-term culture of early anagen skin (day 2; 48 h 
incubation, 2-mm punches), epidermal Tdr incorpora- 
tion was significantly sttmulated by heparin administra- 
tion, while dermal Tdr incorporation was inhibited 
(Table 3). Heparin administration also markedly stimu- 
lated the incorporation of Arg into the epidermis as 
compared to controls, while that of the dermis was less 
markedly increased. Such a stimulation of ARP synthe- 
sis by heparin has not been reported before. Leucine 
incorporation as a parameter for general protein synthe- 
sis, in contrast, was unaffected by heparin application in 
vitro (0-5 ug/ml) in either epidermis or dermis. 

However, in short-term organ culture of early anagen 
skin (day 2; 24 h, 4-mm punches) heparin administra- 
tion significantly inhibited epidermal and dermal Tdr 
incorporation; epidermal Arg incorporation was slightly 


Table 3. Heparin in vitro: skin organ culture. Heparin in the 
concentrations listed (0-5 ug/ml in 50 ul of vehicle=Tyrodes’) was 
added to mouse skin fragments grown at the air-liquid interphase in 
organ culture (DME + 10% FBS, pulsed at O h with 5 »Ci[PH]-Tdr or 1 
uCi{(?H]}-Arg). Short-term culture was performed with 4-mm frag- 
ments, harvested from either telogen, early anagen (day 2 post- 
anagen-induction), or late anagen skin (day 8 post-anagen induction) 
(experiments B, C, D), incubated for 24 h and Tdr or Arg incorporation 
into the NaBr-separated epidermal or the dermal fragment measured 
by scuntillanon spectrometry. Long-term culture was performed with 
2-mm skin fragments, taken from early anagen skin and incubated for 
48 h (A) (viability established, see Methods). Data given: c.p.m.+SE, 
n= 7 fragments per group (all back skin fragments from one entire 
experiment taken from the same mouse). The general tendency of 
results was in agreement with previously performed organ culture 
series 


Experiment Epidermis P Dermis P 
A Early anagen long-term skin organ culture 
PH]-Tdr 
Control 12,887(1260) 15,741(1568) 
0-05 22,339(3242) <0-01 17,092(1060) >0-05 
0:5 22,322(22090}) <0-01 8028(1392) <0-01 
5 31,582(1439) <0-001 10,644(480) <0-01 
PH}-Arg 
Control 6925(943) 3977(671) 
0-05 7757(1847) >0-05 3292(457) >0-05 
0:5 17,291(11247) <0-001] 4494(516) >0:05 
5 25,650(1731) <0-001 7265(498) <0-:05 
[PH]-Leu 
Control 13,280(2115) 4432(681) 
0:5 14,534(1766) >0-05 5523(622) >0-:05 


B Barly anagen short-term skin organ culture 


CH}Tdr 

Control 42,399(1351) 26,733(2672) 

0-5 15,523(1099) <0:001 14,888(1041) <0-01 
(H}Arg 

Control 10,071(811) 1795(231) 

0-5 8251(741) >0-05 1428(101) >0-05 


C Telogen short-term skin organ culture 


[PH]-Tdr 

Control 5956(1173) 5531(1138) 

0:5 11,028(1923) <0:-001 10,800(1123) <0-001 
PH]-Arg 

Control 4461(431) 2313(305) 

0:5 4588(337) >0-05 1714(113) <0-05 

D Late anagen short-term skin organ culture 

PH}-Tdr 

Control 10,022(700) 18,122(2072) 

0:5 10,510(782) >0-05 15,945(2188) >0:05 
PHJ-Arg 

Control 9525(626) 9797(1197) 

0-5 7308{437) >0-05 711041152} >0-05 
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Table 4. Heparin in vitro: cell culture. Mouse dermal papilla cells (MDP, 
P-2) were grown in 199E+ 10% FBS while PAM cells were grown in 
DME +10% FBS, and plated in 24-well plates (n=12 wells per PAM 
group, n=9 wells per MDP group). After media exchange, heparin was 
added (0-50 yg/ml in 50 pl Tyrodes’) together with 5 uCi/ml [*H]-Tdr, 
and after 18 h incubation the c.p.m.+SE of all washed and lysed cells 
measured by liquid scintillation spectrometry (background c.p.m. of 
last wash: 30-62 c.p.m.) 


Tdr MDP P PAM P 
Control 17,848(1356) 21,545(1151) 

50 9358(780) <0-01 3670(499) <0:001 
5 3446(483) <0-001 5128(864) <0-001 
0-5 12,593(2373) <0-01 10,792(1301) <0-01 


inhibited, while that of the dermal fragment was unaf- 
fected. When late anagen skin was cultured (day 8; 
short-term assay: 24 h, 4-mm punches) no significant 
differences in either Tdr or Arg incorporation were 
evident between test and control groups. Administering 
heparin'to telogen skin organ culture (day 0; short-term 
assay, 24 h, 44mm punches) revealed an additional 
pattern of response: both epidermal and dermal Tdr 
incorporation were stimulated by heparin, while both 
epidermal and dermal Arg incorporation were essen- 
tially unaffected by heparin administration to telogen 
skin in vitro. 

Heparin administration to mouse epithelial (PAM 
cells) and to follicle-associated mesenchymal cells 
(mouse dermal papilla cells) in vitro resulted in a 
significant and dose-dependent inhibition of (*H]-Tdr 
incorporation as compared to controls (Table 4). 


Discussion 


Utilizing the C57 BI-6 model for hair growth studies,?7~° 
we report in this pilot study that the systemic adminis- 
tration of heparin inhibits the development of anagen 
follicles in anagen-induced mice, stimulates epidermal 
proliferation and arginine-rich protein (ARP) synthesis, 
and inhibits epithelial bulb cell proliferation. Hair cycle- 
dependent and differential effects on the latter two 
parameters were observed when heparin was directly 
administered to mouse skin grown in organ culture. 

Because almost all [*H]-Tdr and [7H]-Arg incorpora- 
tion into the epidermal and dermal fragment in skin 
organ culture occurs into epidermal or epithelial bulb 
keratinocytes, respectively, reflecting the proliferation 
and differentiation-related protein synthesis by these 
two keratinocyte populations,72-3° we conclude the 
following from our data (Fig. 1, Tables 1—4). 

The inhibition of anagen development by heparin in 


mice ts a useful animal model for studying how heparin 
and other GAG may alter clinically relevant follicular 
functions and skin physiology in humans (such as 
heparin-induced alopecia; alopecia mucinosa, muco- 
polysaccharidoses; anti-angiogenic and anti-tumour 
properties of heparin). 

The inhibition of induced anagen development in mice 
by heparin administration as reported here is in accord- 
ance with earlier observations tn rats.!° Daily subcuta- 
neous injections of very high concentrations of heparin 
(5-20 mg/kg bodyweight) retarded the spread of the 
spontaneous wave of hair growth; also, plucking- 
induced hair growth was slightly inhibited. However, 
the precision of inducing and the ease of observing any 
given stage of the hair cycle in C57 Bl-6 mice, the 
availability of a defined skin organ culture system for ex- 
vivo or In-vitro analyses, and the homogeneity of follicle 
growth wave patterns in mice suggest the use of this 
model for future studies rather than that of the rat. 

The inhibition by heparin of the proliferation of a 
mouse keratinocyte cell line (PAM cells) and of mouse 
dermal papilla cells in vitro in a dose-dependent fashion 
suggests that a direct effect of heparin on follicle- 
associated cells might contribute to the inhibition of 
anagen follicle development observed in vivo. This 
antimitotic effect of heparin on epithelial and mesenchy- 
mal cells in vitro agrees with previous studies.*#:23-26 

The epithelial cell response to heparin in vitro was 
dramatically dependent on the stage of the hair cycle 
(Table 3). We have found that the effects of melanotropin 
administration on epithelial cell proliferation, using this 
mouse-skin organ culture assay, were similarly hair 
cycle-dependent and differed between epidermal and 
epithelial bulb keratinocytes (unpublished data). The 
reported fluctuations in rat skin heparin content with a 
heparin peak in anagen}>9 suggest that the regulation 
of hair follicle activity may involve tightly controlled 
changes in GAG composition, production and receptor 
expression, characteristic for each stage of the hair 
cycle.}7-18 

In view of the morphogenic and growth-modulatory 
properties of GAG*’ and the cytokine-modulatory effects 
of heparin,??*° the controlled local release of endoge- 
nous heparin by dermal mast cells during early ana- 
gen—a period of rapid morphogenesis of a complex mini- 
organ—may be an important co-factor in the regulation 
of anagen follicle development. The systemic administra- 
tion of large doses of exogenous heparin, usually as 
mixtures of multiple active ingredients, derived from 
tissues other than the skin and from species other than 
man or mouse may disturb this process, exert direct 
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antimitotic effects on follicle cells, and alter the synthesis 
of specific proteins such as ARP, thus leading to hair 
growth inhibition (rodents) or alopecia (man). 

This study characterizes for the first time the physiolo- 
gical, hair cycle-associated patterns of ARP synthesis by 
epidermal and follicular keratinocytes (Fig. 1). While the 
incorporation of Arg into the dermal skin fragment 
probably represents the synthesis of trichohyalin?? 36-37 
and is only mildly affected by heparin (Tables 1-3), the 
nature of the epidermal ARP, whose synthesis appears to 
be very sensitive to heparin exposure (Tables 1-3), 
remains to be determined. It is of interest that the peaks 
of ARP synthesis in the epidermal and dermal fragment 
were quite distinct and that the dermal peak of ARP 
synthesis occurred in late anagen just before the onset of 
catagen, at a time when the proliferative activity of 
epidermal and epitheltal bulb keratinocytes has fallen to 
very low levels, approaching those of resting skin.*° The 
role of ARP in the extensive hair cycle-associated tissue 
remodelling in mouse skin ts being studied, to character- 
ize those ARP biochemically, to determine which ARP 
species are being produced by the different skin cell 
populations at what time of the hair cycle, and whether 
ARP have mainly structural or regulatory functions. 

The novel observation that heparin greatly stimulates 
the synthesis of ARP in the epidermis of early, but not 
late anagen skin while general protein synthesis may be 
little affected (Table 3, Experiment A) raises the question 
of the functional role of epidermal ARP in skin physio- 
logy and hair-growth regulation. Heparin may serve as a 
pharmacological tool for further characterizing these 
proteins and for elucidating their function. In this 
context, the induction of epidermal ARP synthesis by 
heparin may be dependent on the presence of an 
epidermal wounding response to plucking, which is 
evident in early but not late anagen skin.??7**> 

The finding that follicular ARP synthesis is either 
unaffected (ex vivo, short-term skin organ culture of all 
cycle stages) or only slightly stimulated by heparin 
administration (long-term organ culture of early anagen 
skin) emphasizes another difference between epidermal 
and follicular keratinocytes: their functional response to 
exposure to GAG. This supports the notion that epider- 
mal and epithelial bulb keratinocytes represent cell 
populations with quite different functional properties 
and biological characteristics. 

The contrasting effects of heparin administration on 
epithelial cell proliferation and differentiation in short- 
term versus long-term early anagen skin organ culture 
as well as in telogen and early anagen versus late anagen 
short-term skin organ culture, require more extensive 


study before definite conclusions can be drawn (includ- 
ing an extended dose-response curve and short- and 
long-term incubation schedules in all hair-cycle stages 
studied). They could indicate, however, that heparin- 
induced changes in epithelial cell gene expression 
depend on the length of tissue exposure as well as on 
cycle-associated fluctuations in epithelial cell respon- 
siveness to this extremely versatile GAG or to other 
signal molecules modulated by heparin. That heparin/ 
heparan sulphate can for example modulate the presen- 
tation of cytokines to other cells as well as their release 
from storage sites*?*° might explain why the biological 
effects of heparin in an organ culture system change 
over time. 

It is quite unlikely that the observed inhibitory effects 
of heparin can simply be explained by substance toxicity, 
because the same concentration of heparin had stimula- 
tory effects on keratinocyte functions in vitro when 
choosing different assay protocols using the same model, 
depending on the stage of the hair cycle, the localization 
of the respective keratinocyte population and the length 
of incubation. Also, tt was generally the medium range 
concentration of 0-5 ug heparin/ml that exerted maxi- 
mal inhibition. 

Because heparin is an endogenously occurring GAG, 
the use of heparin in the combination of in vivo and 
organ culture assays of mature adult follicle populations 
in their natural tissue environment can be expected to 
improve our understanding. of the role of controlled 
extracellular matrix alterations in tissue growth regula- 
tion. However, because commercially available heparin 
is a complex and heterogeneous mixture of different 
molecules, it will be important to use better-defined 
heparin preparations or synthetic heparinoids in future 
studies. 

One inherent limitation of studying traumatically 
induced anagen is that it may not in all respects be the 
same as spontaneous anagen, since plucking induces a 
wounding response,?°3435 At least the mature anagen 
follicle of plucking induced mouse skin does not show 
any apparent morphological or functional differences to 
spontaneously developing anagen follicles.?”38 Thus, 
the contrasting results of the effects of heparin as tn early 
anagen versus late anagen skin organ culture may 
partially reflect a modulation of the wounding response 
by heparin. Also, it is not clear whether the hair growth- 
modulatory effects by heparin in our assay system are 
due to direct effects of this GAG on the hair follicle or 
whether they may be brought about indirectly via 
modification of the skin wounding response or other 


regulatory systems. 
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The serum levels of hyaluronic acid (SHA) were measured using an affinoimmunoenzymatic assay in 
patients with distal (n=16) and proximal (n=15) progressive systemic sclerosis (PSS) and in 31 
controls. The severity of PSS was evaluated using a standardized organ-involvement score. The mean 
sHA was significantly higher in the patients with PSS than in controls (mean + SD: 80 + 43-4 ug/l vs. 
42:3+19-1 ug/l, P<0:001). SHA was significantly higher in patients with proximal PSS than in 
patients with distal PSS (106-4+44-6 ug/l vs. 55-44 23-8 ug/l, P<O-O01). A positive correlation 
was found between sHA and the disease score (r=0:67, P<0-001). sHA was also correlated with 
lung diffusion capacity for carbon monoxide (r=0-70, P<0:001), but only in those patients who had 
abnormal! lung function, and therefore presumably had lung PSS involvement. 


We suggest that sHA could be an indicator of the degree of systemic involvement in PSS. Its 
prognostic value and possible use in the follow up of patients with PSS remain to be clarified. 


Hyaluronic acid or hyaluronan (HA)! is a major compo- 
nent of connective tissue, particularly in cartilage and 
synovial membrane.’ Recently, it has been reported that 
glycosaminoglycans (GAG) metabolism was disturbed, 
and that serum HA (sHA) and urinary GAG excretion 
were increased in patients with progressive systemic 
sclerosis (PSS).*-° Skin biopsies contained excess GAG, 
especially in the early oedematous phase of disease;® and 
increased synthesis of hyaluronate was found in cul- 
tured skin fibroblasts from patients with PSS.’ 

The aims of our study were to confirm, by using a 
different method of measurement, that sHA is increased 
in PSS and to examine the relationship of sHA with the 
severity of the disease and where there is visceral 
involvement. 


Methods 


The serum concentrations of HA (sHA) in patients with 
PSS and in controls were compared. Thirty-one patients 
(26 women, five men; mean age 51+10-6 years, range 
31-69 years) with PSS were investigated. Twenty-four 
Correspondence: Dr H.Levesque, Service de Médecme Interne et 
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(77%) of these patients fulfilled the American Rheuma- 
tism Association criteria for systemic sclerosis.’ Seven 
patients not fulfilling all those criteria were also 
included: three had the CREST syndrome (calcinosis, 
Raynaud’s phenomenon, oesophageal dysmotility, 
sclerodactyly, telangiectasia) and four had an incom- 
plete form of CREST syndrome. In accordance with the 
criteria of the American Rheumatism Association, 
patients with PSS were divided into proximal and distal 
scleroderma subsets.? Proximal PSS was defined by 
extensive skin induration and sclerosis above the meta- 
carpophalangeal joints. All other patients were classified 
as having distal scleroderma including those not fullfill- 
ing the criteria of the American Rheumatism Associ- 
ation. 

Proximal PSS (Group 1) consisted of 15 patients (13 
women, two men; mean age 50-94 11-8 years: mean 
duration of disease 12-3 years, range 6-24 years, as 
determined from the onset of Raynaud’s phenomenon; 
diagnosed since 5-5 years, range 1-8 years). Anti- 
scleroderma 70 antibody was present in six out of the 
nine cases. Eight were receiving prednisolone (mean 
dose 13:5 mg/day; range 8-20 mg), six p-penicillamine 
(600 mg/day). Twelve patients received a calclum 
channel antagonist. 
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Distal PSS (Group 2) consisted of 16 patients (13 
women, three men; mean age 50:1+7 years; mean 
duration of disease 14:6 years, range 6-27 years; 
diagnosed since 3-7 years, range 1-8 years). Anticentro- 
mere antibody was present in 15 out of 16 patients. In 
this group, three were on colchicine and all the patients 
received treatment with a calclum channel antagonist. 

All the patients had a standardized evaluation 
(Table 1) which resulted in a disease score for each 
patient!° (Table 2). Oesophageal function was assessed 
by oesophageal manometry. Lung function was evalu- 
ated by chest radiography and determination of total 
lung capacity, residual volume, vital capacity, forced 
expiratory volume and lung diffusion capacity for car- 
bon monoxide (DLCO). Renal function.was assessed by 
serum creatinine and 24-h urine collection for protein 
excretion. Myocardial involvement was assessed from 
the clinical data and a ]2-lead electrocardiograph. 

Thirty-one age-matched healthy subjects with no 
history of rheumatic, liver, renal or thyroid disease 
served as controls. 

All PSS patients and controls satistied the following 
criteria: normal liver function tests (alkaline phospha- 
tase < 120 IU/, alanine amino transferase and aspartate 
amino transferase < 40 IU/l, gammaglutamy] transpep- 
tidase < 38 IU/l), normal serum creatinine (< 100 umol/ 
D, absence of proteinuria, absence of antimitochondria 
autoantibody (by radioimmunoassay) and no clinical 
evidence for thyroid dysfunction or neoplastic diseases. 

The HA measurement was performed as follows. 
Blood samples were collected between 07:00 and 08:00 
h after fasting overnight. HA was assayed by an 
affinoimmunoenzymatic method as previously de- 
scribed,/? using hyaluronectin (HN). This glycoprotein, 
isolated from normal brain tissue, has a strong and 
specific affinity for HA!*3 which overcomes the problem 


Table 1. Disease score 


Site of involvement Criteria Score 
Skin (sclerosis) Face 1 
Hands 1l 
Trunk 1 
Gut Radiological or manometric changes 3 
Lungs Radiological changes and/or abnormal 
CO transfer factor 3 
Heart ECG changes 3 
Kidneys Proteinuria and/or creatinine clearance 
<60 mi/mm 
Other Sjogren's syndrome, polymyositis 


of the low immunogenicity of HA. When a solution of 
hyaluronectin is deposited into the wells ofa plate coated - 
with HA, the fixation of hyaluronectin on HA can be 
demonstrated by an ELISA technique using anti-hyalur- 
onectin antibodies coupled to alkaline phosphatase. 
When the HN solution is first incubated with a sample 
the HN attaches itself to sample HA resulting in 
decreased fixation of HN on the HA adsorbed on the 
plate. This reduced fixation in turn results in a reduction 
of light absorption on the spectrophotometer, relative to 
the quantity of HA present in the sample. Measurement 
by a calibrated scale of the degree of inhibition of fixation 
of HN makes it possible to draw a standard inhibition 
curve showing light absorption in relation to the 
concentration of HA present in the sample. 

Sera were diluted 1:10 in phosphate buffer 0-01 m pH 
7:4 with 0:02% sodium azide (PBSA) supplemented 
with 1 mg/ml streptomyces griseus protease (Sigma, 
Louis, MO, U.S.A.). They were incubated for 18 h at 37°C 
then heated at 100°C for 15 min in an oil-bath in order 
to suppress protease activity. The stock HA solution (1 
mg/ml) was treated under the same conditions. Samples 
and standard solutions were supplemented (v:v) with 
hyaluronectin 150 ug/l in the same buffer (PBSA), in test 
tubes. After 1 h, they were incubated in wells of plastic 
microtest plate (nunc) for 4 h at 4°C. Alkaline phospha- 
tase-conjugated anti-hyaluronectin antibodies were 
incubated for 18 h at 37°C and the substrate was 
incubated in wells for 1 h at 37°C. Results were recorded 
at 405 nm with a Titertek Multiscan (Flow Lab.) and 
calculations made on a Victor computer. The variability 
of the assay was tested on 124 determinations of a 
pooled serum on eight different plates at room tempera- 
ture. The intra-assay variation coefficient was 6+2°2% 
and the inter-assay variation coefficient was 12%. On 
each plate a control serum was incubated to verify the 
reproducibility of the technique, for which a maximum 
variation of +20% was tolerated. 

Statistical tests were carried out with a Macintosh 
microcomputer, using the sysrat™ statistical package. 
Serum HA levels and disease scores were compared 
using the Mann-Whitney non-parametric test. Correla- 
tions were tested with Spearman’s‘non-parametric test, 
and quantified with linear regression analysis. 


Results 


There was no significant difference between the two PSS 
groups for age, mean duration of disease, or follow up. 

The results for sHA are given in Figure 1. Overall, 
patients with PSS had significantly higher sHA 
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Table 2. Clinical charactenstics of patents 


Age Disease Serum HA 
(years) Sex Visceral involvement score (ug/l) 
Diffuse PSS 
58 M Skin, oesophagus, lung (LDCO:42%) 8 170 
36 F Skin, lung (LDCO:64%) 5 85 
32 F Skin, lung (LDCO:68%) 5 75 
59 F Skin, oesophagus, lung (LDCO:52%) 9 65 
67 F Skin, oesophagus, lung (LDCO:61%) 9 55 
56 F Skin, oesophagus, lung (LDCO:51%) 8 164 
36 F Skin, oesophagus, lung (LDCO:61%) 9 86 
55 F Skin, lung (LDCO:69%), Gougerot—Sjigren 8 62 
61 F Skin, oesophagus, lung (LDCO:49%) 8 123 
41 F Skin, lung (LDCO:65%), arthralgia 5 82 
40 F Skin, oesophagus, lung (1DC0:56%), Gougerot-Sjégren 11 123 
64 F Skin, oesophagus, lung (LDCO:43%), heart 14 206 
56 M Skin, oesophagus, lung (LDCO:62%) 6 72 
Sl F Skin, lung (LDCO:64%), Gougerot-SjSgren 8 112 
67 F Skin, oesophagus, lung (LDCO:56%) 8 117 
Limited PSS 
43 M _ Skin, oesophagus 4 56 
57 F Skin, lung (LDCO:71%) 5 65 
58 M — Skin, lung (LDCO:63%), Gougerot-Sjégren 7 102 
60 M Skin, oesophagus 4 64 
49 F Skin, lung (LDCO:41%) 4 92 
51 F Skin, oesophagus, lung (LDCO:64%) 8 83 
59 F Skin, oesophagus 5 77 
58 F Skin, oesophagus 5 29 
69 F Skin, lung (LDCO:56%) 5 50 
48 F Skin 2 43 
44 F Skin 2 61 
43 F Skin 1 36 
44 F Skin, oesophagus 4 43 
37 F Skan 1 28 
52 F Skin, oesophagus 5 31 
3] F Skin 2 31 


Serum Hyaluronate, g/l 


Controls 


proximal distal 
PSS PSS 


Figure 1. Serum hyaluronate concentrations (ug/l) in proximal and 
distal progressive systemic sclerosis (PSS) showing indfvidual values 
(W) and means: SD of patients and 31 controls. 





(80:14+43:-4 (SD) ug/l, range 25-206) than controls 
(42:3419:1 ug/l, P<O0-001). When the patients were 
subdivided in proximal and distal PSS, only the proximal 
PSS group had significantly higher mean sHA than 
controls (P<0:-001). sHA was higher in proximal PSS 
patients than in patients with distal PSS (106-4144-6 
ug/l, range 55-206, vs. 55°44+23-8 ug/l, range 25- 
102). The mean sHA of patients with distal PSS was not 
significantly higher than that of the age-matched 
healthy controls (P=0-055). 

The median disease score differed significantly 
(P<0-001) in the distal and proximal PSS groups (4, 
range 1-8 and 8, range 5-14, respectively). The HA 
levels showed a positive correlation with the score of 
visceral involvement (r=0-67, P<0-001), those 
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Serum Hyaluronate ug/l 


Disease score 


patients with proximal PSS tending to have the highest 
HA levels (Fig. 2a). When individual types of visceral 
involvement were studied a correlation was found only 
with lung involvement. sHA were negatively correlated 
with DLCO (r=0:70, P<0-:001) when this was below 
80% of theoretical values (all patients in Group 1, and 
four patients in Group 2) (Fig. 2b). 


Discussion 

Using a sensitive and specific affinoimmunoenzymatic 
method, we measured the serum hyaluronic acid con- 
centration in patients with proximal and distal progres- 
sive systemic sclerosis. Our results indicate a significant 
increase of sHA in PSS in the proxtmal but not the distal 
type. These results are in accordance with previous 
hypotheses of disturbed glycosaminoglycans metab- 
olism in this disease. Previous workers have shown an 
excess glycosaminoglycans content in the skin of 
patients suffering from PSS, an increased urinary 
excretion of glycosaminoglycans in PSS*° and a con- 
siderable increase in synthesis of hyaluronate by cul- 
tured skin fibroblasts from patients with PSS compared 
with normal skin fibroblasts.”7* Our results confirm 
those of Engstrém-Laurent et al., obtained using a 
different assay method. They used a radiochemical assay 
method where cartilage proteins, having a strong speci- 
fic affinity for HA labelled with todine-125, were incu- 
bated with a solution of HA and HA linked to agarose gel. 
This radiochemical method and our affinoimmunoenzy- 
matic assay produce similar results with a good correla- 
tion, r=0-97. Our method could detect high molecular 
weight HA as well as smaller fragments of HA, down to 





Figure 2. (a) Serum hyaluronate 
concentratons (ug/l) in proximal and distal 
progressive systemic sclerosis (PSS): relation 
with disease score (see Table 1). Overall 
correlation: r=0 67 P<0-001, by 
Spearman's non-parametric test. Line shows 
linear correlation (least squares method: 
y=12:94+11-1x, r=0:74, P<0-001). (b) 
Serum hyaluronate concentrations (ug/l) tn 
proximal! and distal progressive systemic 
sclerosis (PSS): relation with DLCO (% of 
theoretical value), as an estimator for lung 
involvement: no correlation in patients with 
DLCO > 80%; for patients with DLCO < 80%, 
r=0:70, P<0-001 (Spearman’s test); line 
denotes linear correlation in patients with 
DLCO < 80% (least squares method: 

y= 346-7—4:17 x, r=0-80, P<0-001). a, 
proximal PSS; @, distal PSS. 


the HA-derived disaccharide HA 10.1! Expertments 
using HA degraded by ferrous ions could not detect any 
significant difference between native and decayed HA. 
Thus the expression of HA concentration does not 
preclude a partial degradation in blood. 

The increased levels of serum HA in PSS could be the 
result of excessive production or decreased catabolism. 
HA is catabolized only in the endothelial cells of hepatic 
sinusoids. As all our patients had normal liver 
function and there were no antimitochondrial anti- 
bodies, it is probable that as with rheumatoid arthritis?” 
and psoriasis,!8 the increase in HA is the result of 
excessive production. 

Increased sHA in PSS patients probably originates 
from certain affected organs, as is the case for lungs in 
sarcoidosis’? or the joints in rheumatoid arthritis.2° One 
possible source for increased sHA is the sclerodermatous 
skin, because raised levels of serum hyaluronate have 
also been observed in patients with morphoea without 
involvement of other organs.’ The excess glycosaminog- 
lycans content in the skin of patients with PSS, the 
considerable in-vitro increase of HA production by 
cultured skin fibroblasts from patients with sclero- 
derma,’”'!* particularly in response to mitogen-activated 
T lymphocytes,?:73 platelet factor,7* interleukin 17° or 
growth factors?® all support this hypothesis. Hyaluro- 
nate appears to enter the circulation via the lymphatic 
system?’ and is rapidly eliminated by the endothelial 
cells of hepatic sinusoids.!>-1® 

The raised sHA in patients with PSS could also 
originate from affected organs other than the skin. 
Experimental studies have shown that hyaluronate 
could originate from the joints, and especially from the 
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synovial fluid, which is rich in this glycosaminogly- 
can.7°8 These studies have been confirmed by the 
increase in HA levels in sera from patients suffering from 
rheumatoid arthritis.1”*? Excess HA production from 
joints could be an explanation for raised sHA in some of 
our patients, but few suffered from joint complaints and 
only two patients with proximal systemic sclerosis had 
apparent joint involvement. 

The lungs could also be a source because hyaluronate 
is present in lung parenchyma. Recently Hallgren et al.'? 
found high concentrations of HA in broncho-alveolar 
fluid from patients with sarcoidosis who had normal 
serum values. Scleroderma] lung parenchyma, particu- 
larly when there is interstitial fibrosis, could produce 
hyaluronate as suggested by the correlation we found 
between sHA and the decrease in DLCO which we used 
as an indicator of lung involvement. However, the 
degree of lung involvement could simply indicate more 
extensive disease, with increased HA production from 
other sources. 

We found a significant increase in HA levels in 
proximal PSS and a positive correlation between sHA 
"and the disease severity score. This suggests that sHA 
could be a non-specific indicator of disease severity. 
Engstré6m-Laurent et al.? found no relationship between 
HA levels and serological indicators of inflammatory 
activity, the extent of the skin lesions or the severity of 
internal organ involvement. However, they looked for a 
correlation between HA levels and the degree of involve- 
ment of each organ taken alone. PSS is a multi-organ 
disease, and the condition of a single organ does not 
necessarily reflect the severity of the overall disease, 
which should be estimated with a global score of visceral 
involvement. 

We studied a cross-section of PSS forms and related 
diseases. We believe monitoring of sHA could be used as 
an indicator of the overall severity of the disease, and, 
with the clinical disease scores, to evaluate the efficacy of 
therapy. Although there is are no data on the effects of 
drugs on sHA in PSS, high-dose steroids reduce 
increased sHA levels in patients with active rheumatoid 
arthritis.27? In vitro, cortisol,*° p-penicillamine®! and 
retinoic acid** have been shown to inhibit hyaluronic 
acid production in cultured fibroblasts. Further studies of 
the usefulness of sHA determination in the management 
of PSS and other collagen diseases are needed, as are 
long-term studies of the evolution of sHA in PSS. 

In conclusion, we have confirmed the increase of HA 
levels in PSS, especially in its proximal form. We suggest 
that hyaluronate levels could be a reflection of the degree 
of visceral involvement in progressive systemic sclerosis 


and could be an indicator of the overall severity of the 
disease. Further studies are required to confirm these 
findings, to assess the prognostic value of increased sHA 
in PSS, to investigate the variation in levels of HA as a 
function of the progress of the disease and to evaluate the 
effects of treatments on sHA levels. 
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The N-formylmethiony]-leucyl-phenylalanine (f-MLP)-induced metabolic burst activity of peripheral 
blood neutrophils isolated from acne patients undergoing treatment with ] 3-cis-retinoic acid at a dose 
of 1:0 mg/kg/day was investigated using a luminol-enhanced chemiluminescence assay. The mean 
and median chemiluminescence response were significantly greater (P<0-Q5) in patients receiving 
13-cis-retinoic acid than in untreated acne patients or age-matched controls. Pre-incubation of 
neutrophils with 13-cis-retinoic acid (10 nmol/l) did not affect the chemiluminescence response to 
formyl peptide. A sequential study over 20 weeks in seven patients demonstrated that chemilumines- 
cence peaked after 2-8 weeks of treatment. In three patients this was accompanied by a worsening of 
their acne. These studies suggest that, in the initial phase, treatment with 13-cis-retinoic acid may 
exacerbate, through pro-inflammatory priming of neutrophils, certain neutrophil-mediated inflam- 


matory processes in acne. 


13-cis-retinoic acid ts recognized as an effective therapy 
for nodulocystic and severe acne with predictable and 
generally reversible side-effects. In doses ranging from 
0-1 to 2:0 mg/kg body weight it causes a marked 
reduction in sebum excretion rate, which persists for 
some time after therapy has been completed.’ In a 
similar range of doses it has effects on follicular keratini- 
zation,” on the microflora of the pilosebaceous unit and 
on the skin as a whole.’ 

Modulation of inflammatory processes has also been 
thought to be a factor in the therapeutic action of 1 3-cis- 
retinoic acid and this may be via actions on neutrophils. 
The chemotactic response of neutrophils has been 
studied both in vivo and in vitro. In vivo the pustular 
response to potassium iodide patch tests* and migration 
into microchambers containing autologous zymosan- 
activated serum? has been shown to be reduced during 
therapy with 13-cis-retinoic acid. Chemotaxis was not 
shown to be inhibited in vitro except at suprapharmaco- 
logical doses. However similar findings were also 
reported for superoxide anion and neutrophil enzyme 
release.” 

Tissue damage by neutrophils in inflammation is 
mediated by membrane-derived superoxides and gra- 
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nule-derived enzymes such as myeloperoxidase, work- 
ing both independently and in co-operation. Superoxide 
ion generation and myeloperoxidase release is termed 
the ‘metabolic burst’ and is precipitated by a number of 
pro-inflammatory stimuli both in vivo and in vitro. The 
synthetic peptide N-formylmethionyl-leucyl-pheny!l- 
alanine (f-MLP) is well recognized, in vitro, as a potent pro- 
inflammatory stimulus.®? The metabolic burst activity 
can be quantified by measurement of the chemilumines- 
cence generated by the interaction of the reactive 
oxygen species with luminol.’ 

In this study we have investigated the possibility that 
13-cis-retinoic acid may modulate the responsiveness of 
peripheral blood neutrophils to pro-inflammatory sti- 
muli. Neutrophils isolated from acne patients receiving 1 
mg/kg/day 13-cis-retinoic acid, acne and non-acne 
controls were stimulated by f-MLP and the metabolic 
burst measured by a luminol-enhanced chemilumines- 
cence assay.® 


Methods 
Subjects 


Local ethical committee approval was obtained for this 
study. The subjects were divided into three groups as 
follows. Group 1, treatment group: 28 patients (17 male, 
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11 female, aged 16-41 years) with severe or nodulocys- 
tic acne resistant to other therapies were sampled on a 
total of 39 occasions during treatment with 13-cis- 
retinoic acid 1:0 mg/kg/day. Sampling times varied from 
2 weeks to 4 months during treatment. 

Group 2, untreated controls: 21 patients with acne of 
a severity thought to warrant therapy with 13-cis- 
retinoic acid. Seven of these patients later went on to 
therapy and were included in Group 1. 

Group 3, non-acne controls: 24 volunteers age- and 
sex-matched to Group 1. 

No subjects were receiving other medication prior 
to entering the study and seven patients were followed 
longitudinally prior to and during therapy. 


Neutrophil chemiluminescence assay 


Isolation of neutrophils. Neutrophils were prepared from 
20 mi of freshly drawn heparinized venous blood by 
dextran/Ficoll-Hypaque separation.’ Briefly, specimens 
with 10 U/ml lithium heparin were allowed to stand 
with dextran 4 ml for 40-50 min at 37°C. The super- 
natant was then layered over 10 ml Ficoll-Hypaque 
(Pharmacia Fine Chemicals, Sweden) and centrifuged 
for 30 min at 700 g. The cell pellet was washed in cation- 
free saline, centrifuged for 5 min at 700 g and erythro- 
cytes in the pellet lysed with 0-5 ml distilled water for 30 
s. After a further wash, cells were resuspended in saline 
with divalent cations added, filtered through 10-ym 
mesh Nitex, counted and the cell concentration adjusted 
to 2 x 10°/ml. For the assay, 0:5 ml of this cell stock was 
used to give a final cell concentration of 1 x 10°/ml. 


Luminol-enhanced chemiluminescence assay. The chemilu- 
minescence response of freshly isolated neutrophils to f- 
MLP was measured in a 25-tube capacity L.K.B. 1251 
luminometer, which was controlled by a microcom- 
puter. A peristaltic pump delivered 100 ul of a cocktail 
containing fMLP (107-°), luminol (2 x 107m) and 
cytochalasin B (2 ug/ml) to the sample tubes containing 
neutrophils at the start of the assay. The final volume of 
samples was 1 ml. Three or four replicates were assayed 
from each neutrophil preparation. Light output (Mv) 
was measured over 1 h. The results are presented as the 
means of summed outputs from replicate tubes. 

In another experiment 13-cis-retinoic acid (1078M) 
was added to sample tubes containing neutrophils for a 
pre-incubation period of 60 min before addition of the 
chemiluminescence reagents. 


Statistical analysis 


Mean and median chemiluminescence responses were 
calculated for each group. Group means were compared 
by the Student’s t-test and medians by Mann-Whitney 
analysis. Differences were considered statistically signifi- 
cant at P<0-05. 


Results 


Pre-incubation of neutrophils in vitro with 1078M 13-cis- 
retinoic acid did not influence the chemiluminescence 
response to formyl peptide in any of the groups studied. 
The chemiluminescence response to stimulation by 
formyl peptide of neutrophils isolated from each of the 
three patient groups is demonstrated in Figure 1. The 
mean and median response in the acne patients receiv- 
ing 1-0 mg/kg/day 13-cis-retinoic acid (Group 1) were 
119°53 (4+13-1 SEM) and 100-05 (range 25:14- 
362°85), respectively. The mean and median chemilu- 
minescence response in Group-2 (acne patients not 
receiving 13-cis-retinoic acid) were 71:4 (+ 14-5 SEM) 
and 45:82 (range 18-2-275-65) respectively. In Group 
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Figure 1. Chemiluminescence response Mv in acne patients receiving 
13-cis-retnoic acid {Group 1), acne patients not on therapy (Group 2) 
and non-acne controls (Group 3). Mean (*} and median (**) chemilumi- 
nescence responses are shown for each group There were statistically 
significant differences between Group 1 and both Groups 2 and 3, but 
no difference between Groups 2 and 3. 
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Figure 2. Chemluminescence response versus time on therapy with 
13-c1s-retinoic acid in the seven patients for whom sequential data was 
available. Each line indicates an individual patent. All patients 
finished therapy at or before 20 weeks and the two values at 30 weeks 


are post-therapy. 


3 (non-acne controls) the mean chemiluminescence 
response was 55:52 (+4:82 SEM) and median 48:45 
(range 18-91~-121-79). 

Significant differences of P<0-03 and P<0-01 were 
found when comparing the on-treatment group (Group 
1) with the acne control group (Group 2) using the 
Student's t-test and Mann-Whitney comparison, re- 
spectively. A significantly greater chemiluminescence 
response (P<Q-001) was also seen when the treatment 
group was compared with the non-acne control group 
using both parametric and non-parametric analysis as 
before. No significant differences were noted between the 
two control groups (Group 2 and Group 3) using either 
of the statistical tests. 

In the seven patients for whom sequential data were 
available, six patients had a rise in chemiluminescence 
response following initiation of therapy (Fig. 2). This was 
followed by a reduction in response in those for whom 
data was available. The rise occurred after 2-8 weeks of 
therapy in these cases. Three of these patients developed 
an exacerbation of their acne in the early stages of 
treatment as determined by their acne grade,!° with one 
patient developing acne in a previously unaffected area. 
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Figure 3. Chemilumimescence response in Group 1 versus time on 
therapy with 13-cis-retunoic acid. r=0 10, not significant 


All patients eventually had a satisfactory response to 
treatment irrespective of their chemiluminescence re- 
sponse or initial flare of acne. 

Cross-sectional analysts for the whole of Group 1 
comparing chemiluminescence response to time on 
treatment suggested an inverse relationship but this 
failed to reach statistical significance (Fig 3, r=0-10). 


Discussion 

Prior to taking part in inflammatory processes neutro- 
phils must migrate from the intravascular space to the 
site of inflammation which tn acne is the pilosebaceous 
unit. Migration is initiated by chemokinetic factors 
produced both by Proprionibacterium acnes and host 
responses. In-vivo evidence of a reduction in neutrophil 
chemotaxis has been suggested by the reduction in 
pustule formation following potassium iodide patch tests 
in patients receiving 13-cis-retinoic acid. This was 
supported by a reduced response to autologous zymo- 
san-activated serum in an in-vivo assay of neutrophil 
chemotaxis.” However two other studies®’ have fatled in 
vitro to demonstrate a reduction in chemotaxis except at 
suprapharmacological doses (1077m). These studies 
have also reported a reduction in superoxide anion 
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production”? after in-vitro incubation with high concen- 
trations of 13-cis-retinoic acid. In contrast to the above 
studies which suggest that 13-cis-retinoic acid may 
suppress inflammatory reactions by inhibiting neutro- 
phil invasion of tissues and Influencing the metabolic 
‘burst, the present study has provided evidence that this 
drug may enhance neutrophil responses to pro-inflam- 
matory stimuli. 

Peripheral blood neutrophils isolated from patients 
receiving 1 mg/kg/day 13-cis-retinoic acid appear to be 
‘primed’. It may be that 13-cis-retinoic acid exerts 
transcriptional effects on neutrophils relatively early in 
their development which enhance their response to pro- 
inflammatory stimuli. However, there are many 
instances in which priming of neutrophils have been 
demonstrated. These include exposure to other pro- 
inflammatory stimuli, =? inflammatory dermatoses 
characterized by neutrophil invasion,!? pustular psorta- 
sis'* and bacterial infections.!° In some cases!!!* this 
occurs in mature neutrophils and developmental effects 
seem unlikely. 

Ideally all the patients would have had their chemilu- 
minescence response measured prior to starting the 
therapy and during therapy but this was not practicable. 
In the patients studied sequentially over 20 weeks an 
initial increase in chemiluminescence response was 
followed by a reduction. It was related in three of the 
patients to an increase in the severity of their acne prior 
to an tmprovement. Worsening of acne in the early 
stages of treatment with 13-cis-retinoic acid has been 
reported previously,!*!* particularly during the early 
clinical trials. 

In the initial stages of therapy with 13-cis-retinoic acid 
there are major changes occurring in the micro-environ- 
ment of the pilosebaceous unit. It has been suggested 
that the decrease in the sebaceous gland lipid production 
may be accompanied by the death of P. acnes and the 
release of inflammatory mediators.'!? These could act to 
prime neutrophils, which would be consistent with our 
observations. 
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Summary 


One-hundred children with an acute illness comprising fever and widespread erythematous rash were 


prospectively studied to determine whether clinical presentations are helpful in defining the causative 
agent and to identify the most appropriate microbiological specimens. An infectious agent was 
identified in 65 children; 72% were viruses, 20% were bacteria, 5% were Mycoplasma pneumoniae and 
in 3% both viruses and bacteria were detected. The most common infectious agents were 
picornaviruses, an atypical presentation of measles and Group A B-haemolytic Stréptococcus. Different 
patterns of rash occurred with each of these infections. The clinical presentation of a child with an 
acute febrile illness and rash was unhelpful in defining the causative agent. Routine management 
should include a throat swab for bacterial investigation and in selected cases a blood sample for IgM 


viral titres. 


Children frequently present either to general practi- 
tioners or paediatricians with an acute febrile illness and 
a rash of short duration, presumed to be due to a viral 
infection, but which does not conform to any specific 
diagnosis. The usual approach is reassurance and to 
prescribe paracetamol. The subject of viral rashes was 
reviewed by Cherry! in 1969 and Wenner’ in 1973. 
However, since then, laboratory techniques have 
advanced considerably and it is now possible to identify a 
wider range of infectious agents. It is Important to 
attempt to diagnose these rashes as more appropriate 
advice can then be given regarding the nature of the 
illness, time off school, immunizations and whether 
the illness is a risk to pregnant women and to other 
contacts, especially leukaemic and immunocompro- 
mized children. 


Methods 


One-hundred children were seen in the casualty depart- 
ment at Queen Elizabeth Hospital (QEH) with a diagnosis 
of ‘rash associated with a viral infection’ from September 
1988 to August 1989. They were either general practi- 
tioner or self-referrals to casualty. QEH serves a socially 
deprived inner city catchment area in East London.?* 
Correspondence: Dr J.I.Harper, Consultant in Paediatnc Dermatology, 


Queen Elizabeth Hospital for Children, Hackney Road, London E2 8PS, 
U.K. 


Criteria for entry into the study were an acute erythema- 
tous rash and a febrile illness of short duration. Children 
with recognizable rashes such as classical measles and 
chicken-pox were excluded from the study. 

The following details were noted in each case: age, 
associated symptoms, drug history, contacts, immuniza- 
tions and past medical history. A general examination of 
the child was performed. The rash was documented 
using body diagrams and standard view photographs 
whenever possible. Laboratory samples taken in each 
case included: a throat swab in charcoal transport 
medium for bacterial investigation (TSB); a throat swab 
in viral transport medium (TSV); stool or rectal swab in 
viral transport medium (SV), urine for virology (UV); 
vesicle fluid (VF) if available and 5 ml of clotted blood 
(CB). Most children were well enough to go home 
although some required hospital admission. A 1-month 
follow-up appointment was given to all children for 
repeat assessment and if necessary further serum 
samples. 


Laboratory investigations 


All specimens were initially refrigerated at -4°C, and 
processed within 24 h. Serum samples were then stored 
at —20°C and all other samples at —70°C after 
inoculation. The throat swab (TSV), rectal swab/stool, 
vesicle fluid and some of the urine sample were inocu- 
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lated into human embryonic lung, Vero’s (continuous 
African green monkey kidney cells) and baboon kidney 
cell lines. Two tubes of each culture medium were kept 
for 4 weeks or until a cytopathic effect was observed. 
They were examined on alternate days. Baboon kidney 
tissue cultures were routinely tested for haemadsorption 
with human ‘O’ cells during the second and third week of 
inoculation. Further identification of virus types was 
carried out using neutralization tests as previously 
described.° Bacterial culture of throat swabs was carried 
out on blood agar, Hoyles and Sabouraud’s plates. 
Smears were made from sedimented urinary cells and 
were examined for measles virus by indirect immuno- 
fluorescence (IF) using the technique of Llanes-Rodas 
and Liu.® The following serological tests were performed: 
Mycoplasma pneumoniae total antibody (Serodia-myco 
11 kit from Fujirebio via Mast Diagnostics, Merseyside, 
U.K.) and IgM (IF at the Mycoplasma Reference Labora- 
tory, Central Public Health Laboratory, Colindale (CPHL, 
London, U.K.); hepatitis B surface antigen (Wellcozyme 
Enzyme immunoassay (EIA) from Wellcome Diagnos- 
tics, Dartford, Kent, U.K.); measles IgM (Sorin EIA 
Biomedica, Ely, Cambs, U.K.); rubella IgM (E1A using 
Northumbria Biologicals Ltd (Cramlington, Northum- 
berland, U.K.) or Division of Microbiological Reagents 
and Quality Control (DMRQC), CPHL reagents with 
positive sera confirmed by M antibody capture radioim- 
munoassay (MACRIA)); monospot (infectious mono- 
nucleosis absoption kit, Mercia Diagnostics (Guildford, 
Surrey, U.K.), with positive sera being further tested for 
Epstein-Barr virus IgG and IgM by IF); hepatitis A IgM 
(DMRQC CPHL reagent); ASO titre (Rapidia-ASO from 
Fujirebio via Mast Diagnostics); parvovirus IgM (Virus 
Reference Laboratory (VRL), CPHL), enterovirus IgM 
(E1A Epsom PHL). The above investigations were carried 
out in all 100 patients. In addition, 12 paired serum 
samples were tested for human herpes virus type 6, 
HHV6 (VRL, CPHL). 


Results 


The study children consisted of 54 males and 46 females; 
aged 1 month to 13 years 5 months; 85% were less than 
5 years and 43% were less than 1 year. In 85 of the 
children, the rash had been present for less than 2 days, 
with a range of onset from 2 h to 5 days. 

All of the children were miserable and febrile and most 
had a malar flush. In the majority, the rash presented on 
the trunk with extension to the face, neck and limbs, 
depending on the length of illness. Nine different pat- 
terns of rash were observed (Table 1). The fine macular, 


Table 1. Classification of acute Infectious erythemas 





Type of rash No. of patients 
I Fine macular erythema 15 
H Large/confluent macular erythema 21 
H Fine papular erythema 9 
IV Fine maculopapuler erythema 21 
V Large/confluent maculopapular erythema 18 
VI Urticanal rash 5 
VO Erythema with microvesicles 8 
VII Erythema with petechlae l 
IX Papular acrodermatitis (Gianoth—Crost1) 2 


5 
5, 
H= 
© 
© 





maculopapular and papular rashes were defined as 
discrete lesions which were less than 2 mm in diameter. 
Papular acrodermatitis (Gianotti-Crosti syndrome) was 
characterized by coppery-red papules, mainly on the 
distal arms and legs, spreading to the buttocks and face. 
Urticarial eruptions were seen as a transient fleeting 
erythematous rash, characterized by the presence of 
raised weals with individual lesions fading within 2-6 h 
and subsequently reappearing elsewhere on the body. 
The most common presentations of rash were types M, 
IV, V and I respectively. 

In 65 children (37 males (57%) and 28 females (43%)) 
infectious agents were identified (Table 2); 47 were 
viruses (17 types), 13 were bacteria (Streptococcus or 
Staphylococcus), three were Mycoplasma pneumoniae and 
in two related children both viruses and bacteria were 
found (by detection of Enterovirus IgM and Group A 
Streptococci culture). Twenty-eight of the 65 children 
(43%) with a single tdentifled infectious agent had 
positive results from two or more laboratory samples. 
The most common infectious agents were picornavir- 
uses (identified as echovirus, coxsackie and Enterovirus 
IgM) in 14 patients, an atypical clinical presentation of 
measles in 12 patients and Group A f-haemolytic 
Streptococcus in 11 patients. A variety of different 
patterns of rash were witnessed in each of these groups. 
However, it was of interest that there was some 
specificity for the echovirus and coxsackie infections, 
with only one pattern of rash for each subtype; although 
the number of patients in each of these groups was small. 

Eight children who presented with widespread patchy 
erythema subsequently developed localized areas of 
microvesicles: two of these children had coxsackie A9 
identified in the stool; two had Group A f-haemolytic 
Streptococcus cultured from throat swab (TSB) together 
with high ASO titres; two developed frank blistering 12 h 


Table 2. Clinico-microbiological results 


Infectious agent 


Measies 


Group At 
Streptococcus 


Rubella 


16 
25 


Mycoplasma pneumoniae 
Respiratory syncytial virus 
Epstein-Barr virus 
Coxsackie 


Type A9 
A16 


Varicella 
Hepatitis A 
Adenovirus 


Type 3 
7 


Parvovirus 
Rotavirus 
Staphylococcus aureus 


Group G 
Streptococcus 


Enterovirus IgM 
Group A 


Streptococcus and enterovirus IgM 


Undiagnosed 


Number of 
patients 
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Age range 
(years) 


0-3-9-5 


2°2-9°8 


0 4-5-7 


Clinical presentation 


of rash* 


(1); 112); 01(3); 


IV(3); V(2); VHI(1) 


I(1); (3); O11); 


IV(1}; V(2); VI{2); 


IX(1) 


I(1); I(1); IV(2); 


V(2); IX(1) 


IV(1) 
I(2) 
IV(2) 
II(1) 
VI(1) 


II(2); VI(1) 
1(2); (1) 
IV(1); V(2) 


VI(2) 
VI(1) 


VII(2) 
UA): VQ) 


m1) 
V(1) 


(1) 
V(1) 
V(1) 
1(1) 


Hi(1), 1V(2); VIC.) 


T(2) 
I(7); (9); 1(1); 


IV(9); V(5); VI(2), 


VII(2) 


Positive 
microbiological 
specimenst 


CB(12) 
UV(7) 
TSB(10) 
CB(11) 


CB(7) 


TSV; CB 

SV(2); CB(2) 
SV(1); CB(2) 
SV; CB 

SV; TSV; CB 
CB(3) 

NPA(2); TS¥(2) 


CB(3) 
SV(2) 
SV; CB 
VF(2) 
CB(2) 


CB(4) 


TSB(2); CB(2) 


*I, fine macular: II, large/confluent macular; II, fine papular; IV, fine maculopapuler.: V, large/confluent maculopapular; VI, urticanal; VI, erythema 


with microvesicles; VIII, erythema with petechtae; IX, papular acrodermatitis (Gianotti—Crostl) 


+ TSB, throat swab for bacteriology: TSV, throat swab for virology; UV, unne for virology; SV, stool or rectal swab for virology; CB, clotted blood; NPA, 
nasopharyngeal aspirate; SB, skin swab for bacteriology. 
One child was subsequently diagnosed as having Kawasaki's disease (see text). 
Figures in parentheses represent the number of patients. 


after presentation, clinically compatible with chicken- 
pox which was subsequently confirmed by identification 
and culture of the varicella virus in vesicle fluid; and two 
remained undiagnosed. 

One child had a generalized erythematous rash with 
widespread petechiae, which was serologically con- 


firmed as an acute measles infection. His platelet count 
was normal, although initially he was thought to have 
idiopathic thrombocytopenic purpura. Two children had 


hepatitis B negative papular acrodermatitis (Gianotti- 


Crosti syndrome). 
Infections identified in the younger age group (less 
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than 1-5 years) included four children with measles, two 
with rubella, seven with echovirus, four with enteroviral 
infections diagnosed by detection of IgM, three with 
respiratory syncytial virus infections and one child 
with rotavirus infection. The relevance of rotavirus with 
regard to the rash is questionable. All the children 
with Group A f-haemolytic Streptococcus were older 
than 2 years. 

History and associated clinical features such as runny 
nose. cough, arthralgia and diarrhoea were not always 
indicative of the type of infection. Although four children 
with enteroviral infections had diarrhoea, this symptom 
was also present with Group A f-haemolytic Streptococ- 
cus, measles and rubella. Two of the children with 
respiratory syncytial virus were wheezy, but one child 
had no respiratory symptoms. One child with hepatitis A 
had diarrhoea and was mildly jaundiced; the other child 
with hepatitis A was anicteric. Two of the three children 
with Epstein-Barr infection (infectious mononucleosis) 
had received ampicillin prior to the onset of their rash; 
the other child had no history of recent antibiotic 
therapy. 

Forty-one cases presented between April and June 
with the remaining cases being equally distributed 
throughout the year. A peak of rashes associated with 
measles was present in winter and with enteroviral 
infections in the spring and summer months. Group A p- 
haemolytic Streptococcal infections were seen through- 
out the year. 

Fourteen children had bacteria identified from throat 
swabs with a moderate to heavy growth of Group A f- 
haemolytic Streptococcus in 12 children, Group G Strepto- 
coccus in one child and Staphylococcus aureus in one child. 
The predominant M types of Group A f-haemolytic 
Streptococcus were 3, 4, and 12. In the child with S. 
aureus, this was also identified from multiple skin swabs: 
the Staphylococci typed strongly as bacteriophage type 
95 at 100 RTD and produced enterotoxin C (negative 
results were obtained when the Staphylococci were tested 
for the production of exfoliative toxins A and B). 

Viruses were detected by: blood IgM titres in 44 
children: throat swab for viral culture in 12 children and 
vesicle fluid in two children. Measles was confirmed 
serologically in 12 patients. Urine was useful for detect- 
ing measles virus by immunofluorescence in all seven 
girls but gave negative results in the five boys with 
contirmed measles. This is presumably due to the 
increased number of epithelial cells in the urine of female 
patients. Screening for HHV6 gave no evidence of 
current or recent infections in the 12 patients that were 
tested. 


All children with bacterial infections were treated 
with appropriate antibiotics. Eighty-one children were 
sent home from casualty. Nineteen children were admit- 
ted (age range 0-1~9-7 years, mean age 2-2 years). Of 
the children admitted to hospital, one child with a 
macular erythematous rash, included in Group H, was 
diagnosed as having Kawasaki's disease together with a 
recent Group A f-haemolytic Streptococcus infection 
(raised ASO titre). He developed peeling of his fingertips 
and subsequent generalized desquamation of skin. 
Investigations revealed a platelet count of greater than 
1000 x 10°/. markedly elevated transaminases, an 
enlarged gall-bladder on ultrasound examination and 
coronary artery dilatation seen on echocardiography. 
Treatment consisted of intravenous benzylpenicillin, a 5- 
day course of immunoglobulins, oral aspirin and dipyri- 
damole. The other children who were admitted included 
a child with Group A f-haemolytic Streptococcus and a 
migratory arthralgia; three children with bronchiolitis 
associated with respiratory syncytial virus who needed 
tube feeding and oxygen therapy: one child with cystic 
fibrosis and anicteric hepatitis A and the two children 
with Gianotti-Crosti syndrome. 

Sixty-nine children attended the follow up clinic at 1 
month. Their illnesses and rashes had fully resolved after 
a variable time period from 1 day to 3 weeks. However 
eczema was present at follow up in 12 (17%) cases, only 
three of whom had had a previous history of eczema. 


Discussion 


An infectious agent was identified in 65 children: 72% 
were viruses, 20% were bacteria, 5% were Mycoplasma 
pneumoniae and both viruses and bacteria were detected 
in 3%. All the investigations suggested a current or 
recent infection. It was of interest that in those children 
in whom a second serum sample was obtained it did not 
vield any further information. Whether the infectious 
agents found were the direct cause of the rash in all cases 
is unclear. However, the study has highlighted a number 
of important points. 

At presentation, the history. appearance of the rash 
and associated clinical features were helpful in establish- 
ing a clinical diagnosis. The only exception was Gia- 
notti~Crosti syndrome, which it is important to recog- 
nize because of its association with hepatitis B in a 
number of cases.’ Our two patients were both hepatitis B 
surface-antigen negative. 

Our study has shown that not all ‘presumed viral 
illnesses’ are caused by viruses, Other infectious agents 
identified included Group A -haemolytic Streptococcus, 
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Mycoplasma pneumoniae, Group G Streptococcus and 
Staphylococcus aureus. Group G Streptococcus has been 
isolated from skin lesions and has caused outbreaks of 
skin sepsis in hospitals® but has not been previously 
associated with a rash. In the child with S. aureus the 
significance of the enterotoxin C is uncertain as no 
previous skin rash has been described in association with 
this enterotoxin. Eleven children had Group A $- 
haemolytic Streptococcus infection which masqueraded 
as a variety of different rashes. Carriage of Group A f- 
haemolytic Streptococcus may occur in up to 20% of 
children and is particularly common in crowded com- 
munities. However, the patients had a moderate to 
heavy growth of the Streptococcus on throat swab, which 
is more likely to be assoctated with infection than 
asymptomatic carriage??? particularly as the ASO titres 
were greater than 1 in 320 in all cases.!! Streptococcal M 
types 3 and 4 (and to a lesser extent type 12) are 
associated with cases of scarlet fever.!? Examination of 
the pharynx was unhelpful as many of the study 
children had sore red throats. A throat swab is therefore 
mandatory as it is essential to identify and treat Group A 
B-haemolytic Streptococcus infections promptly with 
penicillin or erythromycin to prevent the acute compli- 
cations and reduce the serious risk of glomerulonephritis 
and rheumatic fever.!3 

Measles was identified in 12 children in whom this 
had not been recognized clinically. These 12 children did 
not have Koplik spots and presented with six different 
patterns of rash, in contrast to most textbook descrip- 
tions of a ‘morbilliform eruption’. HHV6 has been 
reported in children with roseola infantum (exanthem 
subitum).'* None of the patients proved positive for 
recent infection with this virus, which was unexpected, 
but the numbers investigated were small due to the 
limited availability of this test at the time of our study. 
HHV6 Infection has been reported to cause a mononuc- 
leosis-like illness or an acute self-limiting hepatitis.” 

The majority of the children (85%) were aged less 
than 5 years old and 43% were less than 1 year. 
Enteroviral infections were seen most commonly in the 
younger age group.” The association of respiratory 
syncytial virus infection and a rash in young children is 
well documented.!® Four out of twelve children (33%) 
with measles and two out of seven children (29%) with 
rubella were under the age of 1 year. Currently MMR 
vaccination is offered to all children in the U.K. during 
the second year,!” usually around 14 months of age. 
With mass vaccination, a profound effect on the epidemi- 
ology of measles, mumps and rubella ts expected."® 


The recovery of infectious agents was 25% greater in 
males. A male sex predilection has been found in 
previous studies of both viral and bactertal infections! ° 
and in one study there was a 50% greater recovery of 
infectious agents in males than in females.?! The reason 
for this sex difference is unknown. 

It was noted that certain viral infections were sea- 
sonal. The incidence of measles peaked in winter and 
picornaviruses peaked in the spring and summer 
months.’ All the other infections were scattered 
throughout the year. 

The two children with combined Group A f-haemoly- 
tic Streptococcus and enteroviral infections and the child 
with Kawasaki's disease and Group A f-haemolytic 
Streptococcus are of interest. In these children the cause 
of the rash is unclear. 

Another unexpected aspect of this study was the 
subsequent development of eczema in 12 out of the 69 
children (17%) seen at follow up, within 4 weeks of their 
illness. Only three of these children had had a previous 
history of eczema. The age range of nine children who 
developed eczema for the first time was 3 months—5 
years, with a mean age of 1:5 years. These children had 
a variety of infections: echovirus in three, rubella in two, 
measles in one, Mycoplasma pneumoniae in one and 
adenovirus in one child. The onset and exacerbation of 
atopic eczema triggered by systemic infections has been 
previously reported.?+ 

The child with an acute febrile illness and rash is a 
common paediatric problem. We recommend that rou- 
tine management should include a throat swab for 
bacterial investigation. In selected cases in whom the 
establishment of a diagnosis is important (where there is 
a risk to a pregnant woman or to immunocompromized 
individuals) investigations should include a blood screen 
for rubella, measles, hepatitis A and B, Epstein-Barr 
virus, parvovirus and Mycoplasma pneumoniae. 
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Sixteen young male subjects with psoriasis (mean of 4-9% of skin surface area involvement) and 10 
healthy controls underwent a heat exercise test (40°C, 40% r.b.) for 2 h. Rectal temperature (Tr), 
mean skin temperature (Tsk), heart rate (HR) and heat storage (dS) were measured and calculated. A 
sharper rise was found for all parameters in the psoriatic patients as compared with controls. 
Statistically significant differences were found in Tr after 60 min (37-9+0-1°C and 37:5+0-1°C in 
patients and controls, respectively) and at termination of the exercise (38-3+0-1°C and 
37:-5+0:1°C). Heat storage at the end of the first hour was 78+9 and 3047 kcal in patients and 
controls, respectively. At the end of 120 min, heat storage in the study group increased to 87+14 
kcal, while the control group stored only 30+ 7 kcal. Sweat rate was lower in the psoriatic patients 
(590+49 g/h) than in controls (691 +42 g/h), even when corrected for healthy skin area (337426 
g/h/m? compared with 370+ 24 g/h/m2). It is suggested that psoriatic patients have a reduced ability 
to dissipate extra heat during exposure to exercise in the heat. Psoriasis should therefore be considered 


as a risk factor for heat intolerance. 


Heat intolerance is a syndrome in which the body 
cannot dissipate heat efficiently. Thus under heat stress 
conditions a rapid increase in body temperature occurs. 
This predisposes the subject to heat illness and multisys- 
tem damage.’* The aetiology of heat intolerance is 
poorly understood but some congenital, functional and 
acquired risk factors have been associated with de- 
creased heat tolerance.? The identification of heat- 
intolerant subjects is important in order to prevent the 
risk of heat injury in physically active persons in hot 
climates. Previously, Epstein? suggested a diagnostic test 
in which a state of heat intolerance is determined when 
rectal temperatures of 38-:0°C and 38:5°C are reached 
after 1 and 2 h of a standard exercise heat test. 

The main mechanism of dissipating extra heat In a 
warm climate is by sweat secretion and its evaporation.* 
The full integrity of the skin and its appendages is of 
importance for the efficiency of this mechanism.’ Pre- 
viously it has been shown that extensive damage to the 
skin or malfunction of its appendages, as in healed 
burns, miliaria rubra, and congenital ectodermal dyspla- 
sia, may adversely affect thermoequilibrium.*’” The 
possible deleterious influence on heat intolerance of 
other more common diseases affecting the skin has not 
been assessed. Psoriasis is a very common disease, with 
an incidence of 1-2% in the general population.’ 


Correspondence: Dr. Y.Epstein. 


Patients with widespread psoriasis may have a decreased 
healthy body surface area capable of secreting and 
evaporating sweat. This may compromise thermoregu- 
lation, leading to excessive heat accumulation during 
physical training. The aim of this study was to investi- 
gate whether psoriatic patients are more at risk of heat 
intolerance. 


Methods 
Subjects 


Sixteen young males were included in the study group 
with varying degrees of involvement of their skin with 
psoriasis. Ten young healthy male volunteers with 
physical characteristics similar to the study group (Table 
1) served as controls. 


Protocol 


All the subjects were examined while walking for 2 h on 
a treadmill (Quinton Q65) at a pace of 5 km/h and a 
slope of 1% (moderate exercise of 80 W) under controlled 
environmental conditions of 40°C and 40% r.h. During 
exposure to heat, rectal and skin temperatures were 
measured using thermistor probes (YSI 40 and YSI 409, 
respectively) with a Tele-thermometer (TUC 46). The 
rectal temperature (Tr) was recorded 10 cm beyond the 
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Table 1. Patient and control data 


Study group Control group 
Number of subjects 16 10 
Age (years) 20:4+0-2 21:040:3 
Helght (cm) 177+1 1762 
Weight (kg) 72:32+1-76 66:73+42:68 
Surface area (m?) 1:89+0-03 1:8740 02 


Values are means + standard error. 


anal sphincter. The skin temperature (Tsk) was recorded 


on the arm, chest and thigh on apparently normal skin. ° 


The weighted skin area was calculated according to 
Ramanatan.’? The heart rate (HR) was monitored by 
telemetry (Nihon Koidan Life Scope 6) every 15 min. The 
sweat was measured by the weight difference at hourly 
intervals on a scale accurate to +10 g, corrected for 
water intake and urine output. Metabolic and respira- 
tory weight loss and oxidative water formation were not 
considered in the calculation of the sweat rate because 
they constituted a relatively minute fraction of total 
weight loss in this study. The criteria for terminating the 
test were a heart rate above 170 beats per min (b.p.m.), 
Tr above 39:0°C or subjective complaint of dizziness and 
exhaustion. The protocol for this study was reviewed 
and approved by the Institutions Ethical Committee of 
Investigations Involving Human Subjects. 


Estimation of psoriatic skin area 


The subjects’ body surface areas were estimated accord- 
ing to Dubois and Dubois.!° The diseased skin area was 
measured as described by Shapiro et al.‘! The affected 
skin was covered by a translucent polyethylene sheet of 
uniform thickness and the boundaries of the psoriatic 
plaques were marked and cut out of the sheet. The 
polyethylene pieces were weighed on a semi-analytical 
scale. A calibration curve (area—weight) was plotted 
using polyethylene squares of known area. The surface 
areas of the psoriatic plaques were then calculated from 
the calibration curve. Finally, the percentage of affected 
area relative total body surface was calculated. 


Statistics 
The data was statistically analysed with polynomial 


transformation by repeated measures analysis of vari- 
ance. The results of each group at 15 min intervals were 


compared by Tukey’s studentized range test (confidence 
level of 95%). The results are presented as mean + SEM. 


Results 


The anthropometrical characteristics of the subjects 
who participated in the study are shown in Table 1. No 
significant differences were found between the two 
groups. 

The rectal temperatures in the study group increased 
over the entire 2 h exercise test period to a peak of 
38:3 +0:1°C (Fig. 1). In the control group Tr reached its 
peak (37:5°C+0-1) after 45 min and then remained 
steady. There was a significant difference between the 
two groups after 60 min. 

During the first hour, the skin temperatures of the 
control group were significantly higher than those of the 
study group (Fig. 2). This difference disappeared after 60 
min due to a greater increase in Tsk among the psoriatic 
patients. Whereas Tsk in the study group rose continu- 
ously to a peak of 36°5+0:2°C at the end of the 2 h 
period, Tsk of the controls reached a peak of 
36°8+0:2°C after 60 min and then decreased to 
36:3+40:2°C at the end of the test. At the end of the 
exercise, the heart rates were 137+7 and 120+6 
b.p.m. tn the study and control groups, respectively 
(Fig. 3). 

The mean heat storage for both groups is shown in 
Figure 4. The psoriatic patients stored heat at a higher 
rate than the control group with a significant difference 
after 60 min. After 2 h the heat storage of the patients 
reached 87+14 kcal, while that of the control group 
was only 30+7 kcal. 

The mean total body sweat volumes are shown in 
Figure 5. These volumes (590+99 and 690+ 84 ml/h 
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Figure 1. Changes in rectal temperature (°C) in subjects dunng 2 h of 
exercise tn the heat. O, psoriasis: *, control. 
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Figure 2. Changes in skin temperature (°C) in subjects during 2 h of 
exercise in the heat. O, psoriasis; *, control. 
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Figure 3. Changes in heart rate (b.p.m.) in subjects during 2 h of 
exercise in the heat. O, psoriasis; *, control. 
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Figure 4. Heat accumulation (kcal) in subjects during exposure to 
exercise in the heat. D, psoriasis; *, control. 


for patients and healthy subjects, respectively), were 
proportional to the amount of normally functioning 
healthy skin. However, even after correcting the sweat 
rate to healthy skin surface area (1-80+0-03 m? in the 
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Figure 5. Sweat rate in subjects during 2 h of exposure to exercise mn the 
heat, expressed as total sweat rate (ml) per hour (left) and corrected for 
normal skin (right) W, psoriasis; CJ, control. 


Table 2. Thermoregulatory parameters after 60 and 120 minutes of 
exercise 


Tume (min) 
60 120 
Group Study Control Study Control 
Tr (°C) 37-9401 375401 383401 375401 
Tsk (°C) 36:3402 3684+402 365402 3634+402 
HR (b.p.m.) 12844 11544, 13747 12046 
dS (kcal) 7247 3146 87414 2949 


Values are means + standard error of rectal temperature (Tr), mean 
weighted skin temperature (Tsk), heart rate (HR) and heat storage (dS). 


study group compared with 1:87+0-02 m? in the 
controls), it remained higher in the control group 
(379449 ml/h) than in the psoriatic patients (328 + 53 
ml/h). The various thermoregulatory parameters after 
60 and 120 min of exercise are summarized in Table 2. 


Discussion 


This study indicates that patients with psoriasis tolerate 
heat to a lesser degree than normal controls as shown by 
an excessive rise in rectal temperature and an accumu- 
lation of heat. 

Differences in heat storage may result either from 
excessive heat accumulation or reduced ability to dissi- 
pate it. The amount of heat required to be dissipated, 
which is a function of metabolic heat production and 
temperature gradient between the skin and the environ- 
ment, was similar tn both groups. 
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Psoriatic patients have a decreased capacity for sweat 
secretion. The main cause is mechanical occlusion of the 
sweat ducts by keratin and removal of this blockage 
allows higher rates of sweating./?}3 Sweat pore occlu- 
sion also occurs in the clinically normal skin of psoriatic 
subjects but with lesser frequency.!* The impairment of 
sweat gland activity may thus be more extensive than 
the apparent area of psoriatic skin, as shown by the 
decreased sweat rates found in our subjects even after 
correcting for healthy skin surface area. 

Evaporation of sweat depends upon dilatation of 
dermal capillaries and increasing skin perfusion. Heat 
moves by convection from the body core, where it is 
generated, to the periphery where it is used to evaporate 
sweat. +" Psoriatic plaques isolate the skin surface, so that 
sweat can not be effectively evaporated. The capillaries 
of psoriatic patients may lack the ability to constrict in a 
cold environment or dilate in the heat. Evidence of this 
malfunction was provided when the fingertips of the 
hands of patients with active psoriasis were immersed in 
ice water and remained at higher temperatures than 
those of controls.'® Similar disturbances in peripheral 
perfusion were seen in subjects with artifictally induced 
miliaria rubra who were heat intolerant.® 

Subjects with burns covering less than 30% of body 
surface were found to have a reasonable tolerance to 
work in heat by increased compensatory excretion of 
sweat through normal skin./’ Patients with burns 
covering more than 40% of body surface area showed 
heat intolerance, because the excess sweat was only 
partially evaporated and the process was relatively 
inefficient.°1! Psoriatic patients, however, were not 
found to have increased sweat secretion rates when 
compared with normal controls. It is suggested that the 
thermoregulatory mechanisms of the burned patients 
are constantly affected by the large damaged areas. This 
induces the development of the compensatory mecha- 
nism of a relatively increased sweating rate of the 
healthy skin. The psortatic patients, with a relatively 
small diseased skin area (4:9% of total body surface) 
were shown to have nearly normal thermoregulatory 
responses under moderate environmental conditions. 
Only exposure to extreme conditions such as in the 
present study, has revealed that they have a reduced 
ability to dissipate the extra heat generated during 
physical effort. Because they accumulate heat, psoriatic 


patients could be considered under certain conditions as 
being heat intolerant. 

We conclude that psoriasis is a risk factor for heat 
intolerance. This is of importance because a common 
therapy in psoriasis is exposure of the skin to sunlight!® 
and many patients may live tn hot climates exposed to 
extreme environmental conditions, where they may 
undertake various degrees of physical exercise. Such 
subjects must be aware of the need to be carefully 
monitored before and during exercise. 
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The action spectrum between 320 and 400 nm for clearance 
of psoriasis by psoralen photochemotherapy 
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We have compared the effectiveness of oral 8-methoxypsoralen photochemotherapy (PUVA) using 
ultraviolet fluorescent lamps with peak emission at either 325, 352 or 370 nm in the treatment of 24 
patients with psoriasis. The forearms of each patient were treated three times weekly with two of the 
three lamps. The erythemal sensitivity of each patient was tested before the first treatment to ensure 
that equally erythemal doses of radiation were given from each of the lamps. A side-to-side 
comparison was used to assess response to treatment at weekly intervals for the 6 weeks of the trial. 
The lamp with peak emission at 325 nm was shown to be significantly superior to either of the other 
lamps in terms of response assessed at weekly Intervals, and time to clearance of psoriasis. An action 
spectrum, constructed from the median doses required for clearance of psoriasis using each of the 
lamps, showed that the effectiveness of the radiation decreased exponentially with increasing 
wavelength throughout the UVA waveband, such that radiation at 320 nm was an order of 
magnitude more effective than at 360 nm. This suggests that lamps with peak emission around 325 
nm will be more effective than those conventionally used in PUVA units with a peak emission at 352 
om. Lamps with peak emission around 325 nm are also highly effective in the treatment of psoriasis 
with phototherapy alone. Thus a single treatment unit containing these lamps could be used either for 


PUVA or ultraviolet phototherapy of psoriasis, avoiding duplication or irradiation equipment. 


The radiation sources used in psoralen photochemother- 
apy of psoriasis (PUVA) are almost invariably UVA 
fluorescent lamps with a fluorescence spectrum extend- 
ing from about 320 to 400 nm, with a peak at around 
352 om. The choice of this particular spectral power 
distribution was based not on knowledge of the thera- 
peutic action spectrum, but because in the early 1970s 
when the treatment of psoriasis by PUVA was intro- 
duced, availability of high intensity, wide area UVA 
sources was limited to lamps with this spectrum. 

Research on the action spectrum for healing of 
psoriasis by ultraviolet radiation alone has led to the 
development of lamps with emission spectra tailored to 
the therapeutic action spectrum. These new lamps are 
said to be clinically more effective than those used 
conventionally in the treatment of psoriasis.*7+ The 
action spectrum for clearance of psoriasis by psoralen 
photochemotherapy is unknown, but if it does not 
correspond to the action spectrum for PUVA erythema, 
development of more effective lamps which exploit this 
difference may be possible. 


Correspondence: Dr P.M.Farr, Department of Dermatology, Royal 
Victona Infirmary, Newcastle upon Tyne NE1 4LP, U.K. 


Action spectroscopy, in most  photobiological 
research, involves the use of an irradiation monochro- 
mator to deliver a narrow waveband of radiation, 
Technical factors limit the irradiation field with this 
technique to less than about 10 cm?. This small field size 
presents problems when treating lesions of psoriasis over 
several weeks. An alternative technique, and the one 
adopted here, is to use a number of large area lamps with 
different emission spectra and to deduce the therapeutic 
action spectrum by a process of induction. 


Methods 
Ultraviolet radiation sources and dosimetry 


Fifteen 60 cm fluorescent lamps were mounted in a 
cylindrical configuration (27-cm diameter) within three 
identical housings (Fig. 1), allowing uniform irradiation 
of a patient’s hand and arm placed along the central axis 
into the ‘cylinder’ of radiation. Each lamp housing was 
fitted with commercially available fluorescent lamps 
with peak emission (Fig. 2) at either 325 nm (Wolff 
Helarium B1-01-40W; Kosmedico, Stuttgart, Germany), 
352 nm (TL 40W/O9R; Philips, Eindhoven, The Nether- 
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Figure 1. The cylindrical irradiation chamber housing 15 fluorescent 
lamps. The line drawing omits the protective outer casing and 
demonstrates the position of a hand grip. 


lands) or 370 nm (TL 40W/10R; Philips). These lamps 
are subsequently referred to as 325-, 352- and 370-nm 
lamps, respectively. An ultraviolet photodiode. mounted 
inside each lamp housing, was connected to a specially 
designed ‘dose computer’ which controlled the exposure 
time depending upon the pre-set dose and ultraviolet 
irradiance. The photodiode in each lamp housing was 
calibrated with a spectroradiometer (model 742; Optro- 
nic Labs Inc. Orlando, FL, U.S.A.) and statements of 
ultraviolet irradiance and dose refer to unweighted 
values. 


0-000 | 
300 350 400 300 


Patients and irradiation protocol 


We studied 24 patients (16 female, eight male; age range 
18-54 years) who were due to receive whole-body 
PUVA treatment for psoriasis. The only requirement for 
entry into the trial was that both forearms were affected 
by psoriasis to approximately the same extent. 

Patients were allocated randomly (in balanced blocks 
of six) to be treated with two of the fluorescent lamp units 
(one for each arm). All exposures took place 2 h after 
ingestion of 8-methoxypsoralen (0-6 mg/kg). On the 
patients’ first attendance a 1-cm-diameter site on unin- 
volved skin of the inner aspect of each forearm was 
exposed to a single dose of radiation from the appropriate 
lamps (Table 1). At 72 h after exposure the intensity of 
erythema at each site was measured using a reflectance 
instrument’? and the increase in erythema index over 
background levels calculated.® Based on this value and 
the known slope of the PUVA erythema dose-response 
curve for each of the lamp types’ (P.M. Farr and B.L. 
Diffey, unpublished data), the starting dose of UVA was 
chosen individually for each patient, and was designed 
to be 40% of the minimal photetoxic dose (Table 1). 
Treatment was given three times weekly (Monday, 
Wednesday. Friday) for 6 weeks and doses were 
increased by 40% after each block of three treatments (1 
week). 

Assessment of response was made by one clinician 
(E.M.H.) who was unaware of the types of lamp being 
used in individual patients. Before the trial, and then at 
weekly intervals, the severity of psoriasis on each 
patient's forearms was judged as being equal, more 
severe on one arm than the other, or completely clear. 
The same clinician noted whether erythema was pre- 
sent. The 40% weekly increment in dose was abandoned 
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Figure 2. The spectral power distribution of the three ultraviolet fluorescent lamps. (a) 325-nm lamp (Wolff Helarium B1-01-40W); (b) 352-nm lamp 


{Philips TL40W/O9R); (c) 370-nm lamp (Philips TL40W/10R). 
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Table 1. The starting doses for treatment with each lamp calculated 
from the increase in erythema index (AE) measured 72 h after 
irradtation of a test site with 2 J/cm? (325-nm lamp), 10 J/cm? (352- 
nm lamp) and 30 J/cm? (370-nm lamp). (Mmmnal erythema corre- 
sponds to AE=0-05; moderate erythema AE = 0-1; severe erythema 
AE=0-2.5) 


Increase in 

erythema index Starting dose (J/cm?) 

72 h after 
irradiation 325-nm lamp 352-nm lamp 370-nm lamp 
>0-10 0.7 14 25 
0-09--0-10 0-7 2 3-5 
0 08-0-09 0:7 2 3:5 
0-07-0-08 1 2°8 5 
0:06-0:07 1 2-8 7 
0-05-~0-06 1 4 10 
0:04-0:05 1 4 14 
<0-04 l-4 5:6 14 


if ‘moderate’ erythema was present and the next treat- 
ment missed if there was ‘severe’ erythema. On each 
treatment day, after completion of the arm irradiation, 
the patients received PUVA therapy to the remainder of 
the skin using standard whole body UVA units fitted 
with TLO9 lamps. During each treatment the arms were 
protected from further UVA exposure using tubular 
bandage, shown to allow negligible (<0-1%) UVA 
transmission. 


Statistical analysis 


The analysis compared the effects of treatment on time to 
clearance of psoriasis for each arm. As some arms did not 
clear during the study, these thmes were treated as 
‘censored data’ using the terminology of survival analy- 
sis. Each patient provided two times to clearance (one for 
each arm), and any test of the hypothesis of no treatment 
effect needs to take this into account. We applied the Cox 
proportional hazards model, as adapted to paired data.® 
The method ignored those patients In whom either both 
arms cleared in the same week, or neither arm cleared, 
because those patients provided no information on 
treatment differences. On the null hypothesis of no 
treatment effect it would be equally likely that either arm 
cleared first. If the log of the odds of clearance with the 
325-nm lamp before the 352-nm lamp is a, and for the 
352-nm lamp before the 370-nm lamp is b, then under 
the proposed model the log of the odds for clearance with 
the 325-nm lamp before the 370-nm lamp is (a+ b). This 
model can be fitted using standard methods.’ 

A second analysis was performed, using a version of 


McNemar’s test to compare the responses throughout 
the trial in patients receiving treatment with a particular 
pair of lamps. If the number of occasions on which 
treatment 1 gave a better result was s and treatment 2 
was preferred on t occasions, then the odds in favour of 
treatment 1 are s/t; confidence intervals can be found in 
the usual way.?° Tests of the hypothesis of no treatment 
difference can be made using standard methods!! by 
assuming that when a difference between the arms is 
noted, it is equally likely to be for either lamp. 


Results 


All patients completed the trial. Erythema that was 
severe enough to cause a planned dose increment to be 
abandoned or to result in a missed treatment was seen 
on 13 treatment days. Episodes of burning occurred with 
similar frequency for each of the lamps (325-nm lamps, 
four episodes; 352-nm lamps, six episodes; 370-nm 
lamps, three episodes). At the end of the 6 weeks of 
treatment both arms were clear of psoriasis in 11 
patients (46%) and one arm was clear in a further nine 
patients (38%) (Table 2). One arm was judged to have 
responded better than the other in 18 patients (75%); in 
the remaining six patients (25%) both arms were judged 
to have responded equally (Table 2). 


Statistical analysis 1 (time to clearance of psoriasis) 


There was a significant difference in time to clearance 
between lamps (P=0-:014), with the 325-nm lamp 
having shorter clearance times than either of the other 
lamp types. There was no significant difference in 
response (P=0-75) when treatment with the 352- and 
370-nm lamps was compared. 


Statistical analysis 2 (treatment differences) 


Odds ratios were calculated (Table 3) showing that 
treatment with the 325-nm lamps was significantly 
better than either of the other lamp types (P<0-001 vs. 
both lamps). There was no significant difference 
(P=0-57) in response when treatment with the 352- 
and 370-nm lamps was compared. As responses on the 
same patient were likely to be correlated, the analysis 
may have exaggerated the significance levels ascribed to 
the treatment differences between lamps. As it is plaus- 
ible that responses separated more in time are less 
correlated, the analysis was therefore repeated using 
only data from weeks 1, 4 and 6, and very similar results 
were obtained. 
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Table 2. The clinical response In each patent recorded at weekly intervals during treatment with the three lamps 


Week of 
Treatment 352 325 352 325 
Pre- = es 
1 = — -+ 
2 — -+ = + 
3 = = C 
4 — + C C 
5 — + C C 
6 — C C C 
Starting dose (J/cm?) 56 1-4 4 1-4 
Cumulative dose (J/cm?) 293 71 53 16 
(2) (5) 
352 370 352 370 
Pre- = = 
1 = — “+ 
2 = — ~$- 
3 = = 
4 = — 4 
5 + m C C 
6 = C C 
Starting dose (J/cm?) 56 14 28 7 
Cumulative dose (J/cm?) 191 477 73 181 
t (3) (4) 
325 370 325 370 
Pre- = = 
1 + ~ + m 
2 + ~ + — 
3 C ==- + ~ 
4 C — + — 
5 C om + ~ 
6 C — C —- 
Starting dose (J/cm?) 1-4 14 14 10 
Cumulative dose (J/cm?) 19 662 72 258 


Patient number and lamps used 
(9) (12) (15) (17) (19) (21) 
352 325 352 325 352. 325 352 325 352. 325. 352 325 
N/A — + + — — + — + = 
N/A = C C _ + = C =z 
— + = C C — + _ C C C 
56 14 14 05 2 l 4 l4 28 14 28 0-7 
191 48 48 17 26 22 135 48 73 27 53 28 
(7) (8) (13) (14) (16) (24) 
352 370 352 370 352 370 352 370 352 370 352 370 
+ - + = = + - — + = 
+ — + — — + + -~ — + + — 
C _ + ~ = $ = = C =o, 
C _ + _ — + = C C — + 
C ~ C = — C = C C — C 
C C C ~~ C C — C C C C C 
4 5 2 5 2'8 7 28 10 28 10 2:8 7 
33 91 44 260 127 133 143 456 38 92 104 209 
(10) (11) (18) (20) (22) (23) 
325 370 325 370 325 370 325 370 325 370 325 # 370 
+ = + = + — + - = + + — 
+ _ — + + ~ C — + _ C C 
C a = + — C — = C C 
C ~ C — + -= C i = c C 
C _ C C C _ C — C C C C 
1:4 5 0-7 10 1:4 10 1-4 14 14 14 1:4 14 
23 252 16 333 65 507 10 582 35 420 19 166 


=, severity of psonasis equal on both arms; +, psoriasis less severe than on other arm; —, psoriasis more severe than on other arm; C, complete 
clearance of psoriasis; N/A, results not avatlable. 


Treatment 
comparison 


370 vs. 352 
352 vs. 325 
370 vs, 325 


Odds of 
shorter time to 
clearance on 
second treatment 


0-74 
10:4 
8:2 


95%, 
confidence 
interval 


(0-17, 3°57) 
(1-06, 102:1) 
(0 97, 69-5) 


Odds second 
treatment 
is better 


1°33 
5°50 
11:0 


95% 
confidence 
Interval 


(0-59, 3-09) 
(1-87, 22-0) 
(3-45, 56 1) 


Table 3. The odds ratios for companson of 
treatment with any two of the three lamps 
calculated for tme to clearance (analysis 1) 
and treatment differences (analysis 2) 
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Discussion 


We have shown that the effectiveness of PUVA therapy 
for psoriasis depends upon the emission spectrum of the 
lamp used for treatment. The lamp with peak emission at 
325 nm was more effective than the lamp convention- 
ally used in PUVA units (352 nm), or a lamp with peak 
emission at a longer wavelength (370 um). Erythema is 
the limiting factor in PUVA therapy, and for any 
comparison of lamps to be valid it is important that 
equally erythemal doses of radiation are given. We 
ensured this by testing the sensitivity of each patient 
with the appropriate lamp, and by basing the starting 
doses on the measured intensity of erythema at the test 
site. - 

Because of the great patient variation in their response 
to PUVA therapy, the study was designed to allow 
within-patient comparison of any two of the three lamps 
under test. This also allowed us to use a simple clinical 
assessment of response (whether psoriasis on one arm 
was more or less improved than the other, or completely 
clear), and meant that poorly validated severity scores or 
other measures of response were not required. 

That equally erythemal effective doses from each of 
the lamps caused psoriasis to clear at different rates 
suggests that the therapeutic action spectrum for PUVA 
is not the same as the action spectrum for PUVA 
erythema. The doses required to clear psoriasis with 
each of the lamps can be used to derive an estimate for 
the action spectrum for clearance of psoriasis with 
PUVA. The cumulative dose (D) from a gtven lamp 
needed to clear psoriasis can be related to the therapeutic 
action spectrum by the expression 


D={E(a) da/ JE(A)p(A) da J/cm? (1) 


where E(A) is the spectral power at wavelength A nm, 
and p(A) is the reciprocal of the dose of radiation at this 
wavelength required to clear psoriasis. The experimental 
method of the study, using broad-spectrum lamps rather 
than monochromatic radiation, did not allow us to 
measure directly the dose required for clearance of 
psoriasis at each wavelength. Instead we chose to 
represent the clearance action spectrum p(/A) by an 
exponential curve and used a maximum likelihood 
method?* to derive its parameter values, together with 
an approximate 95% confidence interval for these values 
(Fig. 3). The median doses for clearance of psoriasis 
(column 3, Table 4) calculated from equation (1) for this 
choice of p agree closely with the observed median doses 
(column 2, Table 4) derived from the data in Table 2. We 
chose an exponential function to represent the clearance 
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Figure 3. Exponenttal action spectrum and 95% confidence limuts for 
the clearance of psoriasis by oral 8-methoxypsoralen photochemo- 
therapy. 


action spectrum from 320 to 400 nm not on biological 
grounds, but because our data allowed sensible esti- 
mates for p(A) only if we use a curve defined by two 
parameters, and because exploratory analyses with 
more complicated curves gave similar results at wave- 
lengths greater than 320 nm. There is too little relevant 
information in our data to attempt estimation of a p(A) 
for wavelengths less than 320 nm. The conclusion of 
this analysis is that due to the limited number of lamps 
used in the study it is not possible to derive a good 
estimate of p{A) throughout the ultraviolet spectrum. 
However, for wavelengths greater than 320 nm our data 
suggest that the dose for clearance of psoriasis increases 
in an approximately exponential manner with increas- 
ing wavelength. 

Phototherapy (without psoralen sensitization) using 
lamps with peak emission at 325 nm is also effective in 
clearing psoriasis.* With the doses and frequency of 
irradiation used in this study it ts unlikely that the 
response we observed is independent of the action of 
psoralen. However, it is possible that the radiation from 
the 325-nm lamps acted synergistically through both 


Table 4. Median UVR doses required for clearance of psoriasis and the 
clearance doses calculated from equation (1) 


Median observed Calculated clearance 
Lamp clearance dose (J/cm?) dose (J/cm?) 
325 32 32 
352 129 128 
370 391 391 
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psoralen-dependent and psoralen-independent mecha- 
nisms. 

The results of this study have shown that shortwave 
UVA radiation (< 340 nm) is more effective than longer 
wavelength (>340 nm) radiation in PUVA therapy of 
psoriasis. A similar wavelength dependence has been 
shown previously for inhibition of DNA synthesis? and 
induction of sunburn cells in psoralen-sensttized mouse 
skin.'* Radiation at wavelengths less than 340 nm, 
however, comprises only about 16% of the ultraviolet 
emission from the UVA lamps found in virtually all 
PUVA irradiation units (typltfled by the Philips TLO9 
lamp with peak emission at 352 nm). Lamps such as the 
TL10 (370 nm) and optically filtered high-pressure 
mercury lamps (which have the major part of their 
ultraviolet emission above 360 nm) are increasingly 
being recommended for PUVA treatment. Our results 
suggest that much of the UVA radiation from these 
lamps will be therapeutically ineffective. 

As reliable data concerning the wavelength depen- 
dence of skin cancer and other hazards of long-term 
PUVA treatment in man are not available, it is not 
possible to predict whether the use of 325-nm lamps will 
result in different risks compared with conventional 
lamps (352 nm). Preliminary studies in mice treated 
with 8-methoxypsoralen suggest that the action spec- 
trum for phototumorigenesis is similar to that for 
erythema.!° Because the emission spectrum of the 325- 
nm lamps coincides most closely with our estimate of the 
action spectrum for PUVA clearance of psoriasis (Fig. 3), 
and will clear psoriasis with a lower cumulative ultra- 
violet dose over a shorter time and without a higher risk 
of acute side-effects than conventional lamps, there is no 
reason to suppose that any long-term risks will be 
increased. 

We have shown previously that lamps with peak 
emission around 325 nm are more effective than other 
sources, such as the ‘fluorescent sunlamp’ or mercury 
arc lamp, in combined treatment of psoriasis with 
ultraviolet phototherapy and dithranol.* We have now 
shown that 325-nm lamps (such as the Helarium B1- 
O1) are more effective for PUVA therapy of psoriasis than 
ultraviolet lamps with a higher UVA component. The 
implication of these findings is that either PUVA or 
ultraviolet phototherapy of psoriasis can be achieved 
most effectively with the same lamp. Therefore, dermato- 
logy units will no longer require separate PUVA and 
ultraviolet phototherapy equipment. 
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Note added in proof 


The Helarium lamps presently available have a different 
emission spectrum to those used in this study, and havea 
peak emission at 340 nm (rather than 325 nm). The 
therapeutic efficiency of these lamps for PUVA remains 
to be determined. 
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A histopathological study of 643 cutaneous horns 
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A retrospective study of 643 cutaneous horns examined in our department between 1970 and 1989 
revealed that 38-9% were derived from malignant or premalignant epidermal lesions, and 61:1% 
from benign lesions. Four main features were associated with premalignant or malignant 
histopathological change at the base of a cutaneous horn (base pathology). These were: (i) age—the 
mean age of the patients whose cutaneous horns showed premalignant or malignant base pathology 
was 8:9 years greater than the mean age of the patients where base pathology was benign 
(P<0-0005); (ii) sex—males were more likely to develop a cutaneous horn with (pre)malignant base 
pathology (P<0-001); (iii) stte—over 70% of all (pre)malignant lesions were found on the nose, 
pinnae, backs of hands, scalp, forearms and the face; a cutaneous horn found at these sites was 2:1 
times more likely to have derived from a (pre)malignant base than from any other part of the body 
(P<0-:0001); (iv) geometry of the lesion—lesions with a wide base or a low height-to-base ratio were 
significantly more likely to show (pre)malignant base pathology. Of those solar keratoses giving rise to 
cutaneous horns, 8:9% also showed histological evidence of change to squamous cell carcinoma 
(SCC); this figure was not significantly different from the 6:2% of solar keratoses without horns that 
showed SCC change during the same period (1970-89). 


The description ‘cutaneous horn’ {s the term given to a 
protrusion from the skin of keratinized material orga- 
nized in the shape of a horn. There are considerable 
variations in size and shape, but most are conical. 
‘Cutaneous horn‘ is not a pathological diagnosis and the 
lesion may derive from benign, premalignant or frankly 
malignant epidermis. The object of this study was to 
identify factors associated with (pre)malignant base 
pathology. 


Methods 


All the cutaneous horns (n=643) examined in the 
Department of Dermatology of the Royal Liverpool 
Hospital between 1970 and 1989 were reviewed. 
Clinical details such as the age, sex of patient and the site 
of the lesion were noted, and the base pathology of each 
specimen was established according to commonly 
accepted histological criteria.! 

The maximum width of the abnormal epithelium of 
the base and the height of the keratotic mass were 
measured at a magnification of x 25 using an ocular 
micrometer. Two groups were distinguished. Group A 
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consisted of horns where the height was at least one-half 
the width of the base;* the remainder were included in 
Group B. These two groups were compared statistically 
with regard to age, sex, and base pathology. Cutaneous 
horns showing at their base the pathology of a solar 
keratosis were compared with all solar keratoses without 
cutaneous horns removed during the same period 
(1970-89). The prevalence of SCC change in solar 
keratoses in these latter two groups were compared. 


Statistical analysis 


The data were analysed using the MINITAB® computer 
software package (Release 6:1, Minitab, Inc.). Where 
appropriate, the results were expressed in terms of 95% 
confidence intervals for the parameter or difference in 
parameters, unpaired Student’s t- and y? tests. The 
measurements of the width of base and height of the 
horns were positively skewed and logarithmic transfor- 
mation of the data yielded normalized distributions with 
approximately 95% of the values lying within two 
standard deviations. 


Results 


The 643 cutaneous horns examined represent 1:3% of 
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all skin biopsies submitted to our department between 
1970 and 1989, an average of 32 new cases per year. 


Base pathology 


Three-hundred and ninety-three (61:19) cutaneous 
horns had benign base pathology. Of these, 150 (23:3%) 
showed benign epithelial hyperplasia with proliferative 
basal budding; 135 (21:0%) derived from basal cell 
papillomas (seborrhoeic warts); 100 (15:6%) derived 
from viral warts; four (0-:6%) from trichilemmal cysts; 
three (0:5%) from keratoacanthomas; and one from a 
benign pigmented intradermal naevus. One hundred 
and forty-nine (23:2%) horns had premalignant base 
pathology. Of these, 123 (19-1%) derived from solar 
keratoses; and 26 (4:0%) from Bowen’s disease. One 
hundred and one (15-7%) horns had frankly malignant 
base pathology. All of these showed changes of SCC, with 
12 showing co-existent pathology of solar keratosis. 


Site of lesion. 


One-hundred and fifty-one (23-5%) of all cutaneous 
horns occurred on the face, the most common site for a 
cutaneous horn of any pathology. The nose, pinnae, 
backs of hands and forearms carried a higher than 
expected chance of finding malignant base pathology 
(Fig. 1); a similar pattern was found in the premalignant 
lesions. Seventy-six per cent of all (pre)malignant lesions 
were found on the nose, pinnae, backs of hands, scalp, 
forearms and face; a cutaneous horn occurring at one of 
these sites was 2:1 times more likely to show premalig- 
nant or malignant base pathology than one at any other 
part of the body (x+ = 34:3, P<0-:0001). 


Relative risk 
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Figure 1. Relative risk of occurrence of malignant base pathology m 
cutaneous horns according to body site (overall risk =15-7%). 
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Figure 2. Mean (@) and 95% confidence intervals of patients’ age for 
groups with benign, premalignant and malignant base pathology 


Further analysis of Group A 


This group conformed to the definition of a cutaneous 
horn suggested by Bart et al.* in that the height was at 
least one-half the width of the base. Using the base 
pathology and the patients’ age and sex as parameters, 
no significant difference was found between Groups A 
and B. The two groups can therefore be regarded as a 
single population. 


Age. Patients with a malignant base pathology were on 
average 5-6 years older than those with premalignant 
base pathology (95% confidence intervals of the differ- 
ence in mean age =0:9-10:-2 years, P=0-02). Patients 
in the latter group were on average 6:5 years older than 
those with benign pathology (95% confidence intervals 
of the difference in mean age=2-8-10-3 years, 
P=0-0008). The chance of finding (pre)malignant 
change in the base of cutaneous horns increased 
proportionately with age (Fig. 2). 


Sex. The overall female-to-male ratio in Group A was 
1-17 (180/154). In patients with benign base pathology 
this ratio was 1:50 (123/82), whereas for those with 
(pre)malignant base pathology it was 0°79 (57/72). 
Thus, cutaneous horns with (pre)malignant base patho- 
logy were significantly more common in males 
(y*= 7:97, P=0:005). The sex factor is independent of 
the age effect as female patients were on average 1:1 
years older than the male patients and therefore on the 
basis of age alone we would have expected to find more 
females in the (pre)malignant group. 
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Base pathology 
Figure 3. Geometric mean and 95% confidence intervals of base width 
(0) and height-to-base ratio (W) for groups with benign, premalignant 
and malignant base pathology. 


Geometry of the lesion. The geometric mean base widths 
of the benign, premalignant, and malignant groups were 
4:05, 4-40 and 5:68 mm. respectively. Horns with 
malignant base pathology had a significantly wider base 
than either the premalignant (P=0-02) or the benign 
lesions (P< 0-0001); there was no significant difference 
between the benign and the premalignant groups (Fig. 
3). 

The geometric mean height of the keratotic mass 
measured 6°25, 5-38 and 6°86 mm in the benign, 
premalignant and malignant groups, respectively. No 
significant difference was found between the three 
groups. 

Benign lesions had significantly higher height-to-base 
ratios than did either the premalignant (P= 0-0096) or 
the malignant group (P=0-016). There was no signifi- 
cant difference between the premalignant and malig- 
nant groups (Fig. 3). 


Co-existent (pre)malignant skin lesions 


In the (pre)malignant group 18/250 (7-2%) patients 
had one or more (pre)malignant skin lesions diagnosed 
at the time of presenting the cutaneous horns. This was 
significantly higher than the 6/393 (1-:5%) patients 
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found in the group with benign base pathology 
(y7=12-:6, P=0-0004). The presence of co-existing 
(pre)malignant skin lesions increased the likelihood 


of the cutaneous horn showing (pre)malignant base 
pathology. 


Malignant base pathology 


One-hundred and thirty-five cutaneous horns showed 
the base pathology of a solar keratosis and 12 (8-9%) 
showed co-existent changes of SCC. During the same 
period, 2026 solar keratoses without horns were exam- 
ined histologically and 125 (6-2%) showed co-existent 
changes of SCC. There was no significant difference in 
these two groups (P> 0-2) with regard to the incidence 
of co-existent SCC in solar keratosis. 


Discussion 


Cutaneous horns are distinguished from other keratotic 
lesions clinically by the presence of a roughly conical 
keratotic mass. Bart et al.* defined a cutaneous horn as a 
keratotic lesion with a height of at least half the widest 
diameter of its base. However, specimens are frequently 
disrupted by trauma during life or at removal. In order to 
avoid selection bias in a retrospective study, all the 
specimens labelled as cutaneous horns removed 
between 1970 and 1989 were included in the study. 
They were divided into two groups (A and B) on the basis 
of the height-to-base ratio but there were no statistical 
differences between the two groups in terms of base 
pathology, age and sex of patients. The two groups can 
therefore be regarded as a single population. 

Cutaneous horns have been regarded by some as 
obligatory precancerous or malignant lesions. In a series 
of 230 cutaneous horns’ 58% showed either premalig- 
nant or malignant changes at their base. Others** have 
reported a much higher proportion of horns showing 
benign histological features. Studies on parameters that 
are commonly associated with (pre)malignant base 
pathology have produced conflicting evidence with 
regard to age and sex of patients, and the shape of the 
lesion. Large cutaneous horns, particularly giant 
horns, are said to be commonly derived from malignant 
base.’ It is generally agreed that the presence of a 
keratotic horn does not necessarily imply that a prema- 
lignant base pathology, such as a solar keratosis, is more 
likely to develop frankly malignant change with time. 
This observation has, however, not been subjected to 
statistical testing. 

Our study confirms that cutaneous horns may arise 
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from a wide range of epidermal lesions which may 
include benign lesions such as basal cell papillomas, viral 
warts, keratoacanthomas and trichilemmal cysts, and 
pre- or frankly malignant lesions such as solar keratoses, 
Bowen's disease and SCC. The single largest group 
(23°3%) showed a base pathology of benign epithelial 
hyperplasia with only proliferative basal budding. It was 
not possible to determine the precise base pathology in 
this group. Bart et al.* suggest that the pathology in this 
group may represent early basal cell papilloma. 

In contrast to the findings of Bart? and Mehbregan,° 
cutaneous horns were more common tn females in our 
series. However, horns with (pre)malignant base patho- 
logy were more common in males. Cutaneous horns 
with a wide base or a low height-to-base ratio were more 
likely to show either premalignant or malignant base 
pathology. The co-existence of other (pre)malignant skin 
lesions increased the likelihood of finding a horn with 
(pre)malignant base pathology; but the presence of a 
horn over a solar keratosis did not increase the likelihood 
of finding frank malignant change tn that solar keratosts. 
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Summary 


In three children with Cockayne’s syndrome (CS), skin exposed to ultraviolet radiation responded 


transiently either with erythematous papules or an exaggerated sunburn-like response, without 
chronic actinic damage. Irradiation monochromator tests demonstrated an abnormal delay or 
reduction in the threshold to ultraviolet (UVB) irradiation-induced erythema similar to that of 
xeroderma pigmentosum (XP). As with XP there was an elevated frequency of mutants resistant to 6- 
thioguanine in circulating T lymphocytes. The mutant frequency in a single obligate heterozygote 
was normal. In contrast to XP, in the two CS individuals studied, adaptive cell-mediated immunity and 
natural killer cell function were normal. Because the risk of skin cancer is very high in XP but not in 
CS, the normal immune function in CS provides evidence that immune surveillance may be important 


in UV tumorigenesis. 


Cockayne’s syndrome (CS) is a rare autosomal recessive 
disease characterized by cachetic dwarfism, pigmentary 
retinal degeneration, mental retardation, progressive 
demyelinating neurological defects, and acute sun 
sensitivity. The onset of symptoms usually occurs in 
the first year of life after an apparently normal Initial 
development. Cutaneous photosensitivity is a common 
presenting feature, yet the clinical time course of skin 
reactions following sun exposure and in-vivo phototest- 
ing responses have not been reported. 

Photosensitivity in CS is manifest at the cellular level 
as hypersensitivity to the lethal effects of ultraviolet 
(UVC) irradiation’? without any gross defects in exci- 
sion or daughter-strand DNA repair.®* Damage pro- 
duced in DNA by low doses of UV-light results in only a 
transient depression of DNA and RNA synthesis in 
normal cells, while in CS cells recovery does not occur.®? 
This finding forms the basis of a diagnostic test for the 
disorder.‘° The demonstration of a specific defect in 
excision repair of UV damage in actively transcribing 
DNA in CS?! may provide an explanation for the lack of 
recovery of RNA synthesis after UVC treatment. 

In xeroderma pigmentosum (XP) defective DNA 
repair!*:!3 results in an increased frequency of induced 
mutation tn cells in culture!*?° and an elevated mutant 
frequency to 6-thioguanine resistance In circulating T 
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lymphocytes.!”18 The condition is also associated with a 
high rate of cutaneous, and to some extent internal, 
neoplasia.!?° Mutation in circulating T lymphocytes 
has not been reported in detail in CS, although there is 
evidence of an elevated mutation frequency following 
treatment of fibroblasts with UVC.)°!° There is no 
evidence in this syndrome for an increased cancer risk 
and, in contrast to XP, cell-mediated immunity and 
natural killer cell function are normal.*? 

We report details of cutaneous photosensitivity 
including in-vivo light testing in three children with 
Cockayne’s syndrome. Furthermore, we have shown 
that in four CS patients the mutant frequency in 
circulating T lymphocytes was elevated. 


Patients and methods 
Patient 1 


A 2:5-year-old girl presented at age 4 months with acute 
photosensitivity and exaggerated sunburn of the 
exposed areas of skin with progression to blistering and 
delayed resolution. No chronic actinic damage, scarring 
or cutaneous atrophy was evident. 

There was progressive growth retardation from the 
age of 6 months and by 2-5 years her weight, length and 
head circumference were well below the third centile. 
Neurological and developmental assessment at this time 
revealed marked truncal ataxia, a divergent squint, early 


453 


454 P.G.NORRIS et al. 


upper motor neurone signs in the legs, and a global 
developmental level of around 10-14 months. Her fundi 
were normal apart from speckling in the periphery. 

A CT head scan revealed a very small cerebellum and 
enlargement of the fourth, third and lateral ventricles, 
Electroretinographic (ERG) and visual evoked responses 
(VER) demonstrated moderate impairment of retinal and 
optic nerve function. 


Patient 2 


A 14-year-old girl presented at age 2 years with walking 
difficulties and short stature. Her neurological state 
continued to deteriorate with increasing ataxia and 
bilateral sensorineural deafness although her vision has 
been relatively well preserved despite moderate retinal 
pigmentation. By 5-2 years of age her height. weight and 
head circumference were well below the third centile. 
She had precocious puberty with menarche at 9 years. 

Cutaneous photosensitivity, beginning at the age of 4 
years, consisted of recurrent eruptions of erythematous 





Figure 1. Photosensitive erythematous papular eruption on arm of 


Patient 2 





Figure 2. Facial appearance of Patient 2. 


papules on the cheeks, forehead and limbs (Fig. 1) 
several hours following minimal sun exposure and 
progressing to scaling and desquamation by the next 
day. Over a period of 4—5 days there was resolution of the 
lesions without residual scarring. Sun avoidance and 
regular application of high protection factor sunscreens 
were advised. Between attacks the skin appeared nor- 
mal, without loss of subcutaneous fat (Fig. 2). 

A CT scan at the age of 5 showed a widening of the 
basal subarachnoid space consistent with brainstem 
atrophy and moderate enlargement of the third and 
fourth ventricles. ERG and VER studies indicated a 
marked reduction of retinal function owing to pigmen- 
tary degeneration and suggested demyelinating lesions 
in the optic nerve and possibly optic tract and radiation. 

Delayed cutaneous hypersensitivity response of the 
ventral forearm to seven recall antigens (Multitest CMI, 
Institut Merieux, Lyon, France) and in-vitro lymphocyte 
transformation responses to 1, 10 and 100 ug/ml of 
recall antigens streptokinase—streptodornase (SKSD) 
and tuberculin were normal. The circulating CD47, 


CD8* cell ratio was 2:0 (normal mean+SD, 
1-89+0-80). Natural killer (NK) cell cytotoxicity mea- 
sured against the erythromyeloid cell line K562 in a 4-h 
5lCr release assay?? was also normal (specific cytotoxi- 
city 36 at effector:target cell ratio 50:1; normal 
mean+SD, 45:8+17°8). 


Patient 3 


A 14-year-old girl was noted to have microcephaly at 
age 8 ‘months. By 2 years of age delayed motor 
development was evident and her height and weight had 
fallen below the third centile. Her neurological state 
deteriorated progressively with development of marked 
ataxia and sensorineural deafness. She is blind and has 
retinal pigmentation. 

 Photosensitivity, first noticed at 6 years of age, was 
characterized by the onset within 1 h following more 
than a few minutes sun exposure of erythematous 
papules on exposed skin, particularly the forehead, nose 
and cheeks. This became increasingly severe over the 
next 24 h and persisted for about 7 days before 
resolution without scarring. High protection factor 
sunscreens had been used regularly from the onset of 
photosensitivity. She demonstrated sunken facies and 
generalized hyperpigmentation but no chronic actinic 
damage. 

Immune responses were assessed as for Patient 2. 
Cutaneous and in-vitro recall antigen responses, circu- 
lating CD47T:CD8* cell ratio (1:3) and NK activity 
. (specific cytotoxicity 30 at effector:target ratio 50:1) 
were all within normal limits. 


Table 1. Fibroblasts used in this study 
Designation 


1BR.3 
GM730 
48BR 


CSZBR 
CS4BR 


Patient 1 
Patient 2 
Patient 3 (CS2BIt 


Mother of patient 3 
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In-vivo light testing for photosensitivity 


The skin of the back of each patient was irradiated with 
an increasing series of doses of narrow wavebands at 
300 nm (dose range 2-200 mJ/cm7), 307:5 nm (5-500 
mJ/cm?), 320 nm (500-4000 mJ/cm7?), 340 nm (10 J/ 
cm2), 360 nm (12:5 J/cm?) and 380 nm (15 J/cm?) from 
an irradiation monochromator (Applied Photophysics, 
London, Model 498/01). The lowest doses to produce 
erythema and a papular response were recorded at 24, 
48 and 72 h after irradiation. 


Studies on cultured fibroblasts 


A list of the fibroblast cultures used in this investigation, 
together with the source and donor type is provided in 
Table 1. 


Cell survival. Full details of the methodology for the 
determination of cell survival have been published 
elsewhere.?? 


Inhibition of RNA synthesis. Procedures for the investiga- 
tion of the effect of UVC on post-irradiation RNA 
synthesis have also been published elsewhere.’? 


Mutant frequency in circulating T lymphocytes 


The blood samples used in this study are listed in Table 2. 
A microtitre cloning technique was used to measure the 
frequency of circulating 6-thioguanine-resistant mutant 
lymphocytes.7*2° Mononuclear cells were separated 
from heparinized venous blood and cultured for 24 h in 


Characteristic Source 


Cell Mutation Unit, University of Sussex* 


Normal NIGMS*, Camden, U.S.A. 
Cell Mutation Unit, University of Susex* 
Cockayne’s D.Brett,* Great Ormond Street, London 
syndrome D.Siggers,* Royal United Hospital, Bath 
P.Botcherby,t Guy’s Hospital 
Cockayne’s P Botcherby,t Guy’s Hospital 
syndrome A.M R Taylor,t Dept Cancer Studies, 
Birmingham 
Normal A.M.R.Taylor,t Dept Cancer Studies, 
Birmingham 


* Biopsy or t cells (where biopsy received, flbroblast culture established at CMU by S.A.Harcourt). 
t Assignment by Dr Taylor who has checked cell survival and UDS m this culture. 
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Table 2. Blood samples used in this study 


Designation Characteristic Source 

Patient 1 ~oc] ; P.Norris 

Patent 2 | wie P.Norris 

Patent 3 a5 P.Norrs 

CSCC R.MacFaul, 
Pienderflelds General 
Hospital, Wakefield 

Mother of Pattent 2 Normal P.Norris 


51 samples from normal non-smokers from birth (cord blood) to age 84 
have been included in Figure 5. 


RPMI 1640 medium plus 10% human AB serum. The T 
cells were then cloned in microwells tn the presence or 
absence of 5 x 1076 m 6-thioguanine in medium con- 
taining phytohaemagglutinin, irradiated feeder cells and 
the T-cell growth factor interleukin 2. Mutant frequen- 


cies were compared with the results from normal, non- 
smoking controls available from our data base using the 
statistical programme GLIM (Royal Statistical Society, 
London).?° 


Results 
In-vivo light testing for photosensitivity 


The appearance of the maximal papular responses 
followed irradiation with UVB (280-315 nm) and 
shorter UVA (315-400 nm) wavelengths in all three 
patients (Table 3). Patient 1 who was clinically most 
photosensitive, also demonstrated abnormal vesicular 
responses and a marked reduction of minimal erythema 
doses at 24 h of <2 mJ/cm? at 300 nm (normal range 
10-20 mJ/cm?), 10 mJ/cm* at 307-5 nm (100-200 
mJ/cm?), <500 mJ/cm? at 320 nm (> 1000 mJ/cm7) 
and <10,000 mJ/cm? at 340 nm (>15,000 mJ/cm?) 
(Table 4). 


Table 3. Minimal papular doses determined 


Minimal papular dose (mJ/cm2) by in-vivo radiation monochromator testing 
Wavelength Patent 1 Patient 2 Patient 3 
(half band width) 
(nm) 24h 48h 72h 24h 48h 72h 24h 48h 72h 
300 (+5) <2 <2* NA NP 200 NP NP 100 100 
307-5 (+2) 20 20 NA NP 500 NP NP 200 200 
320 (+10) <500 <500t NA NP 4000 4000 NP 4000 4000 
340 (410) NP NP NA NP NP NP NP NP NP 
360 (+10) NP NP NA NP NP NP NP NP NP 
380 (+10) NP NP NA NP NP NP NP NP NP 


NA, result not available; NP, no papular response; *, vesicular response at 50 mjJ/cm?; t, 


vesicular response at 1000 mJ/cm?. 


Minimal erythema dose (mJ/cm?) 
Wavelength Patient 1 Patient 2 Patient 3 
(+half band — 
width) (nm) 24h 48h 72h 24h 48h 72h 24h 48h 
300 (+5) <2 <2 NA 50 50 £50 20 20 
307:5 (42) 20 10 NA 200 200 500 100 100 
320 (+10) <500 <500 NA N N N 4000 4000 
340(+10) <10000 N NA N N N N N 
360 (+10) N N NA N N N N N 
380 (+10) N N NA N N N N N 


NA, result not available; N, normal. 


Table 4. Minimal erythema doses determined 
by in-vivo radiation monochromator testing 


Normal 

range 
72h 24h 
20 210 
100 2>100 
4000 >1000 
N  >12,500 
N  >15,000 
N  >15,000 


Studies on cultured fibroblasts 


The response of fibroblasts from three normal and four 
CS donors to the lethal action of UVC is illustrated in 
Figure 3. There was no difference in sensitivity between 
the CS heterozygote (mother of Pattent 3) and the three 
normal cell strains (1BR.3, 48BR and GM730). All four 
CS cell strains proved unequivocally more sensitive than 
the normals. Regrettably, the culture from Patient 2 
proved to have such a poor capacity for cloning that 
plating experiments were not possible. 

The results of the investigation of post-UV RNA 
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Figure 3. Cell survival in CS cells. Colony forming ability of fibroblasts 
following irradiation with different doses of UVC. —O—, normal, 
1BR.3, mean of five experiments, control cloning efficiency = 53 + 5%; 
—{}-—, normal, GM730, mean of three experiments, control cloning 
effictency = 55+0-4%: —a—, normal, 48BR, single expemment, 
control cloning efficiency =50%; -~a-—, Cockayne’s syndrome, 
CS2BR, single experiment, control cloning efficiency = 65 0%; —@—, 
Cockayne’s syndrome, CS4BR, single expermment, control cloning 
efficiency 61 0%; —E—, Cockayne’s syndrome, patient 1, two 
experiments, control cloning effiaiency=91%; —@—, Cockayne’s 
syndrome, Patient 3, two experuments, control cloning eff- 
ciency = 54%; — x—, Heterozygote mother of Patient 3, two experi- 
ments, control cloning efficiency = 52% For the controls (1BR.3 and 
GM730) the standard error of the means 1s encompassed by the 
dimensions of the symbols. For the two Cockayne’s syndrome cultures 
with repeat experiments the limits between the two experiments is 
indicated by a vertical line where this is not obscured by the symbols. 
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synthesis are summarized in Figure 4{a) and (b). In 
Figure 4(a) the clear distinction between the response of 
CS fibroblasts and that from normals or the heterozygote 
is expressed as a histogram using the data obtained from 
cells exposed to a UVC dose of 15 J/m?. Dose-response 
curves for the inhibition of RNA synthesis are provided 
for normal (GM730) and two CS cell strains (CS2BR, and 
Patient 2) in Figure 4(b). They confirm the defective 
responses of CS fibroblasts. 


Mutant frequency in circulating T lymphocytes 


The mutant frequency for our three patients, one other 
CS patient, the mother of Patient 2 and our data base for 
normal non-smoking donors is illustrated in Figure 5 
together with the relevant individual results in Table 5. 
While there was no statistically significant component 
for CS or the effect of time alone, there was a significant 
effect for the syndrome x age interaction confirming the 
elevated (two-fold) mutant frequency for CS. XP patients 
have a similar raised mutant frequency (2-5-fold, 
n=10), but in this case the significance was higher 
(P<0-001). The reason for this difference in significance 
was that only small blood samples could be obtained 
from the CS donors, and the cells cloned poorly, so that 
the estimate of the mutant frequency was less satisfac- 
tory. Using our method of analysis, it is not possible to 
make definitive statements about the results from indi- 
vidual donors, but the single heterozygote mother of 
Patient 2 lies at the top of the range for normal, non- 
smoking adults. 


Discussion 


In 1936, Cockayne! described two children with dwar- 
fism, retinal atrophy, deafness, and a scaly, erythema- 
tous dermatitis that affected the dorsum of the hands, 
legs, face and ears and which was exacerbated by sun 
exposure. Later, three similar cases were reported with 
photosensitive dermatitis limited to exposed sites, par- 
ticularly the ‘butterfly’ area of the face.2® However, in 
1959, MacDonald et al.* described three patients charac- 
terized by a tendency to severe sunburning, and asso- 
ciated with pigmentation and atrophic scarring of 
exposed skin. Patient 1 experienced similar easy sun- 
burning with blistering and delayed resolution of any 
exposed skin areas, closely resembling that character- 
istic of many patients with xeroderma pigmentosum.?” 
In contrast, Patients 2 and 3 developed an erythematous 
papular eruption, particularly on the face, the onset 
being similarly delayed for several hours following sun 


458 P.G.NORRIS et al. 


140 
(a) 


nD 
S 


© 
© 





> #2) c 
oS oO oO 


% RNA synthesis (+UV/-UV) 


MS 
oO 





1BR3 


GM730 
CS2BR 
CS4BR 

Patient 1 
Patient 2 
Patient 3 





Mother of 


80 


60 


40 


% RNA synthesis 


0 10 
UV dose (J mÊ) 


20 


Patient 3 


Figure 4. RNA synthesis after UV-irradiation. (a) Non-dividing cells were UV-irradiated (15 J/m*) and 16 h later were pulse labelled with [ H uridine 
for 1 b. Results are expressed as a percentage of the incorporation in unurradiated cells. 1BR 3 (normal) three experiments; GM730 (normal) two 
experiments; CS heterozygote (mother of Patient 3) two experiments; CS2BR, (CS) two experiments; CS4BR, (CS) one expenment, Patient 1 (CS) three 
experiments; Patient 2 (CS) two expernments; Patent 3 (CS) two expenments. The standard error of the mean for 1BR.3 and Patient 1 are indicated by 
vertical bars. (b) Dose response for post UV-RNA synthesis, --—, GM730 (normal), —-@—, Patient 2; —a-~, CS2BR. 
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Figure 5. Frequency of 6-thioguanine-resistant mutants in circulating 
T lymphocytes. ©, normal non-smoking donors; 0, Cockayne’s 
syndrome. 1, 2 and 3 refer to Pattents 1-3 in Table 4, the unmarked 
square is patient CSCC; A, Cockayne’s syndrome heterozygote (mother 
of Patient 2). 


exposure. It is unclear whether these represent two 
distinct response patterns or a spectrum of varying 
sensitivity. Possibly owing to careful sun avoidance, 
atrophic scarring was lacking in all three of our patients. 

Responses to irradiation monochromator testing, pre- 
viously unreported in Cockayne’s syndrome, were 


Table 5. Mutant frequencies for 6-thioguanine resistance in circulating 
T lymphocytes from Cockayne’s syndrome patients and an age- 
matched series of normal donors 


Normal donors Cockayne's syndrome donors 

Age (years) ME( x 1076) Designation Age ME 
1 0 77 Patient 1 2 1-42 
2 0:76 CSCC i 2 1 86 
2 1-86 Patent 2 13 7°28 
5 2°08 Patient 3 13 8:05 
8 0 97 

11 3°34 

ll 2:09 

13 3:80 

13 10-32 

15 0:42 

16 3 78 

16 2°74 

17 2°59 


abnormal in all three of our cases (Tables 3 and 4). This 
indicates the potential importance of this investigation 
as a screening test for CS. However, phototesting does 
not appear to allow differentiation from xeroderma 
pigmentosum in which similar abnormalities occur, 
including a reduced threshold for erythema, delay in 


“Table 6. A companson of some clinical and cellular features of 
Cockayne’s syndrome and xeroderma pigmentosum 





Cockayne’s Xeroderma 
Characteristic syndrome pigmentosum 
Acute sun sensitivity A A 
Delayed erythemal response A A 
Neurological defect A* NoA 
Skin cancer N A 
Adaptive cell-mediated immunity N N/A 
Natural killer cell function N N/A 
Fibroblast survival A A 
Fibroblast induced mutation A A 
T lymphocyte mutant frequency A A 
Unscheduled DNA synthesis N At 
Daughter-strand repair N At 
Post-UV RNA/DNA synthesis A A 
Active gene repair A At 


A, abnormal; N. normal. 

* Rare exceptions. 

t+ Normal in the XP variant class. 

+ May not be defective m some complementation groups. 


maximal response beyond 24 h, and abnormal vesicular 
responses to UVB.2”? The degree of abnormality of 
phototest responses in CS correlated broadly with in-vitro 
measures of the DNA repair defect and with the severity 
of acute sun sensitivity but poorly with other clinical 
features. Otsuka et al.?8 similarly found that the degree of 
UV hypersensitivity of cultured CS cells did not correlate 
with clinical severity, with the exception of cutaneous 
photosensitivity. Investigation of the fibroblast response 
to UVC confirmed the inhibition of post-irradiation RNA 
synthesis as a characteristic of the cellular response in 
CS.? Indeed, because this had not previously been 
examined in any of the five cell strains used in this study, 
our current results may be taken as a cellular confirma- 
tion of the diagnosis of CS?° in these patients. Hyper- 
sensitivity to the lethal effects of 254-nm light was 
confirmed for this syndrome.° Further validation of the 
elevated mutant frequency seen in this series of CS 
donors wil be difficult to achieve because of the rarity of 
such patients and the tendency of their cells to perform 
poorly in culture. This latter observation may indeed 
prove to be a cellular characteristic of the syndrome 
because we had previously noted?’ difficulties in achiev- 
ing continued high levels of cloning with firbroblasts 
derived from CS patients. 

Limited observations on two heterozygotes were poss- 
ible. For one (mother of patient 3), post-UV RNA 
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synthesis and cell survival were normal and for the other 
(mother of Patient 2), the T lymphocyte mutant fre- 
quency was normal. For the present we must regard the 
heterozygotes as being indistinguishable from normals. 

Some of the salient features of CS derived from this and 
other studies are compared with XP in Table 6. The 
information here for XP is greatly simplified because 
many more such patients have been studied and there is 
an obvious complication caused by having both exci- 
sion-competent and excisfon-defective classes.'? 

A major clinical differentiation of CS from XP is the 
lack of susceptibility to skin cancer. At the cellular level 
CS can be differentiated by the absence of defects in either 
excision or daughter-strand repair and, in the two 
individuals where it has been examined, by normal 
adaptive cell-mediated immunity and natural killer cell 
function.*! The similarly elevated induced mutant fre- 
quencies in fibroblasts!>-!® and the increased frequency 
of mutants amongst circulating T lymphocytes (Fig. 5) 
suggests that the cells of both CS and XP patients are 
more susceptible to genetic damage than normals. Thus, 
the absence of a correlated increase in carcinoma in CS 
appears to undermine the somatic mutation theory of 
cancer,?? which predicts that hypermutability necessar- 
ily results in increased carcinogenesis. It was originally 
proposed by Bridges,’ however, that an elevated 
mutation frequency alone was insufficient to understand 
XP, and he suggested that a second defect, possibly 
involving inmune surveillance might be important. Our 
demonstration of normal adaptive cell-mediated immu- 
nity and natural killer cell function in the hypermutable 
but non-cancer prone CS suggests that depressed 
immune surveillance might, in combination with hyper- 
mutability, be an essential factor for tumour induction 
by UV in XP.?? 
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The treatment of vulval lichen sclerosus with a very potent 
topical steroid (clobetasol propionate 0-05%) cream 


Summary 
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The clinical and histological response to 12 weeks of treatment with a very potent topical fluorinated 
steroid was studied in 15 patients with vulval lichen sclerosus (LS) who were treated with twice daily 
applications of clobetasol propionate 0-05% cream (Dermovate, Glaxo U.K.). Thirteen patients 
completed the study and all showed a marked clinical improvement. Histological measurements of 
skin biopsies taken before and after treatment showed a significant reduction tn the characteristic 
features of LS. One patient developed contact sensitivity to clobetasol propionate. There was no 
evidence of infection or skin atrophy during the study. Patients completing the study have been 
followed up for up to 22 months and have been maintained in remission with moderately potent 


topical steroids which had previously been ineffective. 


Vulval lichen sclerosus (LS) is a distressing condition 
which often fails to respond adequately to therapy. 
Although many practitioners use potent topical steroids 
to treat LS there is often concern about the potential 
harmful effects of these agents on genital skin. This study 
was carried out to determine the safety and efficacy of 
the short term but regular use of a very potent topical 
steroid to control vulval LS. 


Methods 


Fifteen women with long-standing, biopsy-proven vul- 
val lichen sclerosus gave informed consent to the study. 
The mean age of the patients was 62 years (range 50-78 
years) and the mean duration of disease was 9:3 years 
(range 2-30 years). Several women had been sympto- 
matic for over 20 years. Most had been treated at some 
time with a variety of mild or moderately potent topical 
steroids, anti-candidal preparations and topical oestro- 
gens without effect. Two of the patients had received 
topical testosterone cream more than 5 years previously 
and in one patient, local intradermal injections of 
alcohol had been used more than 10 years before this 
study. 

None of the patients had ever used a very potent 
topical steroid and none had used a topical steroid of any 
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kind for at least 1 month preceding the study. No patient 
was receiving systemic steroids or retinoids. 

Skin biopsies were obtained from all patients not more 
than 3 months preceding the study. In most women, a 4- 
mm punch biopsy was taken from clinically involved 
vulval skin 1 month before starting treatment. In four 
women referred from the gynaecology department, 
incisional biopsies had been performed. After 12 weeks 
of twice daily application of clobetasol propionate 0:05% 
cream to the affected areas, a second 4-mm punch biopsy 
was taken from an adjacent or symmetrically involved 
area of skin. Both the pre- and post-treatment biopsies 
were taken from the area with the most severe clinical 
signs of lichen sclerosus. 

Photographs were taken before and after 12 weeks of 
treatment. Six of the patients made a semi-quantitative 
measure of pruritus and soreness using 100 mm visual 
analogue scores (VAS) before treatment and after 6 and 
12 weeks of therapy. 

All biopsies were examined by one experienced histo- 
pathologist without knowledge of the treatment. 100- 
mm visual analogue scores were used to measure the 
following features: epidermal atrophy, epidermal basal 
cell liquefactive degeneration, hyperkeratosis, intensity 
of toflammatory infiltrate and hyalinization of dermal 
collagen. The visual analogue scores were analysed 
using the Wilcoxon matched-pairs signed-rank test. 
Following the study, the patients have been regularly 
reviewed for between 2 and 22 months. 
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Results 


Thirteen patients completed the study. In all these 
patients the clinical appearance of the vulval skin was 
markedly improved and in five patients it was no longer 
possible to make a clinical diagnosis of LS. In the 
remaining eight women, there was a considerable 
reduction in erosions, hyperkeratosis, purpura and 
thickness of plaques. Established labtal fusion was not 
clinically altered by treatment. 

Associated with the clinical improvement was a 
reduction in symptoms of itch and soreness. In the six 
patients completing visual analogue scores before and 
after treatment, there was a significant reduction in both 
symptoms after both 6 and 12 weeks of therapy using 
the Wilcoxon matched-pairs signed-rank test (Table 1). 

The 100-mm visual analogue scores of the histologi- 
cal parameters assessed by a single histopathologist 
without knowledge of the treatment showed a signifi- 
cant reduction in severity of all the features examined 
(Table 2). In four of the biopsies taken after 12 weeks of 
treatment no specific features of LS remained. The 
histological features of a matched pair of biopsies from 
one patient taken before (Fig. 1) and after (Fig. 2) 
illustrate the effects of treatment. 


Table 1. Mean 100 mm VAS of pruritus and soreness before and after 6 
and 12 weeks of treatment with clobetasol propionate 0:05% cream 





Mean 100-mm VAS 





Pre-Rx 6 weeks 12 weeks Significance” 
Pruritus 52°3 107 2:33 P=0:014 
Soreness 48:3 12:0 5°83 P=0-014 





* Wilcoxon matched-pairs sign-ranked test. 


Table 2. Mean VAS of histological features of LS before and after 12 
weeks of treatment with clobetasol propionate 0 05% 


Mean 100-mm 
VAS 

Histological feature Pre-Rx Post-Rx Significance” 
Epidermal atrophy 42:71 29:29 P=0-064 
Hyperkeratoss 36°36 20:78 P=0:018 
Epidermal basal cell hquefacton 46°36 16-71 P=0-024 
Intensity of inflammatory infiltrate 41-14 8:07 P=0-0035 
Hyalinization of dermal collagen 62-14 34-43 P=0:022 


* Wilcoxon matched-pairs signed-rank test. 


Two patients were withdrawn from the study. One 
experienced burning discomfort on applying the clobeta- 
sol propionate 0-05% cream. Patch tests were performed 
but no contact allergic reaction to any of the cream 
constituents could be determined. Another patient did 
well initially but the treatment was temporarily stopped 
so that a non-healing erosion could be biopsied to 
exclude carcinoma. On restarting treatment with clobe- 
tasol dipropionate cream, she gave a clear history of 
itching and eczematous change after its use. Patch 
testing revealed contact sensitivity to clobetasol propio- 
nate cream and ointment and to a fourfold dilution of the 
clobetasol proplonate in petrolatum. There was no 
reaction to the other constituents of the cream or 
ointment. 


Long-term follow up 


At the end of 12 weeks of treatment with clobetasol 
propionate, patients were changed to a moderately 
potent topical steroid and were told to apply Dermovate 
on an ‘as required’ basis. One patient was lost to follow 
up after 2 months. The remaining 12 patients have been 
followed for 6-22 months. All use simple emollients for 
washing the skin. Three patients still use occasional 
applications of clobetasol propionate 0-05% (approxi- 
mately twice a month or less), controlling symptoms at 
other times with a moderately potent topical steroid 
cream, clobetasone butyrate 0:05% (Eumovate, Glaxo). 
Seven patients use clobetasone butyrate as their only 


‘treatment either regularly or when necessary. In one 


patient 1% hydrocortisone controls the residual symp- 
toms. 

Two patients now show no clinical evidence of lichen 
sclerosus. In all the others, the lichen sclerosus appears 
much less active than before treatment. No patient has 
active erosions and none has needed a further biopsy. 


Discussion 

It is not known why lichen sclerosus has such a 
predilection for genital skin, nor why vulval LS is often so 
distressingly symptomatic with severe itch and soreness. 
Vulval LS may be complicated by tissue destruction 
leading to labial fusion or vaginal stenosis. Squamous 
carcinoma may develop in association with genital LS 
although the exact incidence is not clear.' 

Mild or moderate topical steroid preparations are 
commonly used to treat vulval LS, but control of 
symptoms and disease activity is often unsatisfactory. 
Several studies have reported 2% testosterone propio- 
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Figure 1. Biopsy from clinically worst affected 
area of vulval LS before treatment showing 
hyperkeratosis, epidermal thinning and basal 
cell degeneration, hyalinization of upper 
dermal collagen and a mid-dermal! 
lymphocytic inflammatory infiltrate. 


Figure 2. Resolution of features of LS in 
biopsy from clinically worst affected area of 
vulval LS after 12 weeks of treatment, in 
same patient as in Figure 1. 


nate cream to be an effective treatment for vulval LS with 
improvement in histological features. However, this is 
not readily available, can have virilizing side-effects and 
is not always effective. In normal vulval skin, the enzyme 
5a-reductase metabolizes testosterone to produce 
amounts of dihydrotestosterone far in excess of that 
produced in other body sites. Women with vulval LS 
tend to have lower circulating levels of dihydrotestoster- 
one? but whether this is a primary event or secondary to 
the disease process is unknown. It has been suggested 
that topical testosterone supplies an excess of substrate 
inducing local 5a-reductase activity.* Systemic therapy 








of vulval LS with the synthetic retinoid etretinate has 
produced clinical and histological improvement during 
treatment but side-effects are common.” 

It is known that potent topical steroids can relieve 
symptoms in vulval LS but there has been a reluctance to 
use them. Concern that they might predispose to local 
infection was expressed® and has often been quoted 
subsequently. However. there is little evidence to sup- 
port this, and infection has not been a problem when 
topical steroids have been used to treat other vulval 
dermatoses.’ There has also been concern that the use of 
fluorinated topical steroids in LS might cause skin 
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thinning in a condition itself characterized by epidermal 
atrophy.* Contact sensitivity induced by clobetasol 
propionate is well documented’ and this must be 
considered when patients report irritation assoclated 
with its use. 

The long-term follow up of this group of patients 
demonstrates that once symptoms can be controlled and 
scratching stops, vulval LS becomes easier to manage 
and residual symptoms respond to mild or moderate 
potency steroids. There was no clinical evidence that the 
use of a very potent steroid predisposed to infection. No 
~ clinical or histological evidence of dermal or epidermal 
atrophy was seen and there was a significant reduction 
in epidermal atrophy after treatment. Whether better 
control of the disease will lead to a reduction in the risk of 
scarring or squamous cell carcinoma remains to be 
established. 

In conclusion, the application of a very potent topical 
steroid for 12 weeks appears to be safe and effective 
treatment for vulval LS. The symptomatic relief obtained 
by the patient is often dramatic and clinical improve- 


ment is accompanied by a normalization of histological 
features. 
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Summary 


The tmmunophenotype and genotype of atypical cells in skin and lymph node infiltrates were 


investigated in a patient with lymphomatoid papulosis (LyP) complicated by anaplastic large-cell 
lymphoma of the lymph nodes. The large atypical cells in both skin and lymph nodes displayed an 
almost identical immunophenotype, i.e. CD30* and CD25*. Southern blot analysis for T-cell receptor 
f-chain gene rearrangement revealed an identical gene configuration in DNA extracted from skin and 
lymph node. Our results strongly support the hypothesis that clonal populations of T cells arising in 
cutaneous LyP lesions may undergo malignant transformation, spread Into regional lymph nodes, 
and give rise to secondary malignant lymphomas, such as anaplastic large-cell lymphoma. 


Lymphomatoid papulosis (LyP) is a chronic self-healing 
skin eruption that is clinically benign but histologically 
mimics a malignant lymphoma.' The malignant appear- 
ance is due to the presence of a varying proportion of 
morphologically atypical cells in the dermal lymphoid 
_ infiltrate. The clinical course is variable, with progres- 
sion to disseminated malignant lymphoma in up to 20% 
of patients.” A histogenetic relationship among LyP, 
cutaneous T-cell lymphoma, and Hodgkin’s disease has 
been suggested.? Recently it was shown that a high 
proportion of LyP lesions contain monoclonal expan- 
sions of T lymphocytes.®’ It has remained unclear 
whether the malignant infiltrate of subsequently deve- 
loping lymphoma in the lymph nodes is clonally related 
to the monoclonal proliferations in the pre- or co- 
existing LyP lesions. We report a case of LyP with 
progression to a large-cell lymphoma in a tributary 
lymph node, where the atypical cells in both skin and 
lymph node were phenotypically and genotypically 
identical. 


Methods 
Case report 


A 21-year-old man presented in June 1985 with 
multiple red-brown papules, nodules, and circumscribed 


Correspondence: Dr P.Kaudewits, Dermatologische Klimik der LMU 
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plaques located predominantly on the trunk and the 
distal forearms. The patient reported spontaneous reso- 
lution and reappearance of similar lesions during the 
previous 2 years. He was otherwise in good health. 
Several biopsies of small papular lestons were taken for 
routine histological examination. In August 1988 a 
larger biopsy was taken from a nodule on the right 
forearm. At that time no palpable lymph nodes were 
detected. Two months later, the patient developed lymph 
node swellings in the right axilla and subsequently in the 
left groin. Chest X-ray and CT scans of the chest and 
abdomen as well as abdominal ultrasound showed no 
additional enlarged lymph nodes. Bone-marrow biopsy 
revealed no abnormalities. An enlarged axillary lymph 
node was removed surgically and a histological diagno- 
sis of large-cell lymphoma was made. The patient was 
treated with five cycles of COP-BLAM (cyclophospha- 
mide, vincristine, adriamycin, bleomycin, procarbazine, 
prednisone) and IMVP-16 (ifosphamide, methotrexate, 
etoposide). This produced complete remission of the 
extracutaneous lymphoma that has lasted up to present 
time. The cutaneous papular and nodular lesions, how- 
ever, continue to appear and to resolve spontaneously. 


Immunohistology 


One-half of each surgically removed specimen from the 
skin and lymph node lesions was immediately snap 
frozen in liquid nitrogen and stored at — 80°C. The 
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remaining portion was routinely processed by formol- 
fixation and paraffin embedding prior to sectioning. 
Immunohistological marker analysis on cryostat and 
paraffin sections was performed as previously described.® 
Briefly, staining with the monoclonal antibodies (MAb) 
MT-910 (CD2), UCHT-1 (CD3), T3-10 (CD4), KD-23 
(CD5), LeuMS (CD1 1c), To-15 (CD22), ACT-1 (CD25), 
Ber-H2 (CD30), Ki-24 (CDw70) as well as the MAb Ki- 
67, detecting a proliferation-associated nuclear antigen, 
was performed using the alkaline phosphatase anti- 
alkaline phosphatase (APAAP) method as previously 
described.?1° 


Genotypical analysis 


For gene rearrangement analysis, DNA was extracted 
from frozen skin and lymph node tissue, digested with 
one of the restriction endonucleases BamHI, BglII, 
EcoRI, or Hindiil (Bethesda Research Laboratories, 
Karlsruhe, Germany), separated by electrophoresis in 
0:7% agarose gels, and transferred to nylon membranes 
(Hybond N, Amersham, Braunschweig, Germany) as 
previously described.'? Probes were labelled with [?4P]- 
dCTP by random primer extension to an activity of 1- 
73x10? d.p.m./ug DNA.?? Hybridization and washing 
procedures were performed as previously described.!? 
The T-cell antigen receptor f-chain (TcR-f) probe, 
Jurkat-81,}* was kindly provided by Dr T.W.Mak, Tor- 
onto. A 3-1 kb EcoRJ-HindUI Immunoglobulin heavy- 
chain joining region (IgJH) gene probe!> was obtained by 
courtesy of Dr G.W.Bornkamm, Freiburg, Germany. The 
criterion for rearrangement was the appearance of 
bands in addition to germ-line bands. Completion of 
digestion was verified by hybridization with a -globin or 
ber gene probe. 


Results 
Histology 
The biopsies from 1985 and 1988 showed a similar 


morphology with an infiltrate in the upper and lower 
dermis mainly around blood vessels and the skin 
appendages. The infiltrate was composed of atypical cells 
of varying size and morphology. The medium-sized and 
large atypical cells mostly showed a single prominent 
rounded or kidney-shaped nucleus with vesicular 
chromatin structure and single or multiple prominent 
nucleoli. Occasional multinucleated cells were present. 
The smaller atypical cells had hyperchromatic cerebri- 
form nuclei. In addition to atypical cells, regularly 
shaped small lymphoid cells, histiocytes, and few neutro- 
phils were present. 

The lymph node specimens showed diffuse and sub- 
cortical infiltration with large atypical cells and an 
admixture of small lymphoid cells and macrophages. 
The morphology of the atypical cells was identical to that 
of the large atypical cells in the skin infiltrate. 


Immunophenotypical findings 


The immunophenotypes of the atypical cell population 
in the skin lesions of 1988 and in the lymph node are 
summarized in Table 1. In cryostat sections from the 
dermal lesions, the large atypical cells were detected by 
the CD2-, CD25- and CD30-specific antibodies, but were 
only weakly and inconsistently stained by anti CD3, 
CD4, and CD5 antibodies. Double immunostaining with 
the MAbs Ki-67 and Ber-H2 showed that approximately 
20% of the larger cells were in the proliferating phase of 
the cell cycle. Only a few scattered Ki-67*/CD307 cells 
were present. The majority of the smaller cells of the 
infiltrate reacted with CD2, CD3, CD4 and CD5-specific 
antibodies. The CD11c antigen was detected on a further 
cell population which was partly dendritic. The immu- 
nophenotype of tumour cells in the lymph node was 
identical to the marker profile of the large atypical cells in 
the skin (Table 1), showing positivity for CD30, CD25 
and CD2 and weak and inconsistent staining with CD3, 
CD4 and CD5 antibodies. On paraffin sections it could be 
demonstrated that the CD30 positive large atypical cells 


Table 1. Immunophenotype of larger cells in 


Site of cryostat sections of skin and lymph node 
biopsy CD30* CDw70t CD2 CD3 CD4 CD5 CD8 CD25 CDllc K1-67 infiltrates 

Skin p 5 ag ae ATE. P- CG S ++ — ++ 

Lymph node +++ +++ (+) (+) (4) (+) - +++ -= ++ 


+, occasional cells positive { <10%); + +, many cells positive (10-60%): + + +, large majority of 
cells positive (60-100%): (+), staining weaker than on reactive T cells 

* detected by MAb Ki-1 and Ber-H2. 

+ detected by MAb K1-24. 





Figure 1. Large atypical cells of cutaneous LyP lesion with prominent 
nucleoli and smaller atypical cells with cerebriform nuclear contour 
(haematoxylin and eosin x 320). 


in skin (Fig. 1) and lymph node (Fig. 2) were morphologi- 
cally closely related. 


Gene rearrangement analysis 


Southern blot autoradiograms of DNA extracted from 
both cutaneous and lymph node lesions with the TcRf 
and IgJH gene probes showed an identical pattern. A 
distinct band appearing in addition to the TcRf gene 
germline bands indicated a rearranged TcRf gene 
configuration, whereas no rearrangements were 
detected after hybridization with the IgJH gene probe 
(Fig. 3). TcR/ rearrangements were detectable in both 
EcoRI or HindIII -digested DNA of both skin and lymph 
node. 


Discussion 


Our patient had a 5-year history of recurring and self- 
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Figure 2. Specific lymph node involvement by large atypical cells 
(haematoxylin and eosin x 320). 


healing papular skin lesions which were diagnosed as 
LyP of the combined types A and B according to the 
criteria of Willemze et al.'® The patient later developed 
persistently enlarged lymph nodes which showed infil- 
tration with large atypical cells similar in morphology to 
those seen in the cutaneous lesions. The immunopheno- 
type of the large atypical cells of the LyP lesion indicated 
that they were derived from activated T lymphocytes. 
Double immunostaining for the CD30 antigen and the 
proliferation-associated nuclear antigen detected by the 
MAb Ki-67 showed that the CD30-positive cells consti- 
tuted the largest proliferating cell population in the skin 
lesions. The neoplastic lymph node infiltrate consisted 
solely of CD30-positive, large atypical cells with a high 
growth fraction. This suggests that the atypical cells in 
the lymph nodes and skin lesion were immunophenotypi- 
cally closely related and may have been derived from the 
same malignant T-cell population. The demonstration of 
identical TcRf# gene configurations is further evidence 
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Figure 3. Southern blot analysis demonstrating the same rearranged 
band in skin (SK) and lymph node (LN) DNA (arrows). PL. placental 
tissue used as control, 


for such a common clonal derivation. We conclude that, 
in our case, a clonal T-cell population arising in a lesion 
presenting as LyP has undergone malignant transforma- 
tion and has disseminated into a tributary lymph node. 

Other investigators have found clonal T-lymphoid 
proliferations in approximately 50% of patients with LyP 
lesions.°”:'’ The majority of patients with cutaneous 
clonal T-cell proliferations displayed a benign course, 
which shows that demonstration of clonality in cuta- 
neous LyP lesions does not necessarily imply malig- 
nancy. In those few patients who developed extracuta- 
neous involvement, genotype analysis was not 
performed. More recently, the clonal composition of a 
submandibular mass arising in a patient with a long- 
standing clinical history of LyP and subsequent develop- 
ment of immunoblastic lymphoma was investigated.'* 
In this case, however, the clonal composition of the skin 
infiltrate could not be determined due to limitations of 
the cell count. 


As both monoclonal and polyclonal T-cell infiltrates 
are found in LyP lesions it is suggested that LyP may 
progress into malignant lymphoma by a multi-step 
process. This includes the development of a monoclonal 
cell infiltrate predominating in an originally polyclonal 
cell infiltrate and paralleled by a more aggressive 
biological behaviour. In some cases this becomes evident 
in the form of persistent, enlarged cutaneous nodules, 
which have been described in patients with consecutive 
malignant lymphoma.’'? The appearance of larger 
papulonodular infiltrates containing monoclonal 
CD30* large atypical T cells in LyP may herald the 
progression of LyP into malignant lymphoma. The 
detection of such infiltrates by immunophenotyping and 
genotyping may thus identify those patients with LyP 
who are at risk of developing large-cell systemic lym- 
phoma. 
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Summary 


A rare, but distinctive chronic eruption in six female black South Africans is reported. The original 


diagnosis of subcorneal pustular dermatosis of Sneddon and Wilkinson in these patients was refuted 
by the subsequent histological observation of both spongiform pustules and an underlying vasculitis. 
This may represent a previously undocumented form of generalized pustular psoriasis. 


Pustular psoriasis may run an acute or chronic course 
with or without evidence of previous plaque psoriasis. 
Skin lesions may be localized, often to the hands and feet, 
or generalized. Annular forms of generalized pustular 
psoriasis tend to be subacute or chronic and clinically 
resemble subcorneal pustular dermatosis of Sneddon 
and Wilkinson.! A subcorneal pustule occurs in both 
conditions but the spongiform pustule, characteristic of 
pustular psoriasis, is not found in subcorneal pustular 
dermatosis.” 

This is a retrospective study of a rare chronic pustular 
eruption seen in six black South Africans over the 12- 
year period 1975-1989. The clinical features and initial 
histological findings suggested subcorneal pustular der- 
matosis, but later histological findings included spongi- 
form pustules and evidence of a vasculitis. We have been 
unable to find vasculitis documented in association with 
pustular psoriasis (i.e. with spongiform pustules), but it 
has been reported in patients with acute eruptions 
precipitated by infection and described as ‘bacterids’,*> 
‘pustulosis acuta generalisata’® and ‘acute acral pustu- 
losis’.’ 


Case reports 


All six patients were black South Africans seen as out- 
patients in the Transvaal between 1975 and 1989. 
Clinical details are summarized in Table 1. All were 
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female and their ages ranged from 11 to 55 years. Two 
patients were related, being mother and daughter (Cases 
3 and 4), and a third (Case 1) reported that her sister had 
a similar rash. The duration of the disease varied from 1 
to 31 years and the age of onset from 4 to 29 (mean 18) 
years. Case 4 had never been free of lesions for more than 
a few weeks at a time and Case 6 had been free of lesions 
only during periods of treatment with dapsone and 
prednisone. It is not known whether the rash was 
continuous or recurrent in the remaining four patients. 
The lesions were recorded as being itchy in two patients 
(Cases 2 and 4), not itchy in one (Case 1) and irritating in 
Case 5. In the remaining two (Cases 3 and 6) the 
presence or absence of symptoms was not recorded. No 
patient reported any associated fever, malaise, arthralgia 
or other systemic upset and all were otherwise healthy 
with no history of significant previous illnesses. 

The eruption affected the trunk and limbs in varying 
degrees. There was a tendency for involvement of the 
sides of the neck (Fig. 1) and trunk and the shins. The 
head, palms and soles were spared in each case. In all 
patients the skin lesions were at various stages of 
development. They were diffusely scattered without any 
grouped, annular or serpiginous arrangement. The 
primary lesion was a superficial rather flaccid off-white 
pustule, 2~4 mm in diameter set on a mildly erythema- 
tous base. The pustule dried to form a dark crust which 
separated to reveal a scaling rim around a small white 
depigmented and slightly atrophic scar. This, together 
with the surrounding skin, later became hyperpig~ 
mented, with some mild residual scaling in areas (Fig. 1). 
In two patients (Cases 2 and 5) secondary infection was 
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Table 1. Clinical and histological findings in patients with chronic subcorneal pustulosis 
E E AAA AA A A AE, 








Histological features 
Sex/age Duration 
Patient (years) (years) Distribution of rash Epidermal Dermal 
1 F/11 1 Trunk, limbs Three biopsies: 
especially shins (a) Long flat SCP with basal spongiform Perivascular oedema + 
pustule and parakeratosis Mild vasculitis 
Mild spongtosis 
(b) Flat flaccid SPC Papillary cedema + + 
Small spongiform pustule RBC + + + un papillae 
Little parakeratoms Vasculitis 
Mild spongiosis 
(c) Round tense intraepidermal SCP Mild papillary oedema 
Small lateral spongiform pustule Mild mixed perivascular 
No parakeratosis infiltrate 
Spongiosis ++ 
2 F/25 2 Trunk, mainly lateral; Tense dome-shaped SCP with PMN and cellular Mild papillary oedema 
proximal limbs debris Few papillary RBC 
Large basal spongiform pustule and Mild mixed perivascular 
parakeratosis infiltrate 
3 F/43 25 Sides of neck, axıllae Long tense SCP with PMN and cellular debris Marked papillary oedema 
Long basal spongiform pustule and Papillary RBC + + + 
parakeratosis Vasculitis 
4 F/15 11 Lower legs mainly Tense round SCP with few PMN Mild papillary oedema 
shins, wrists Small lateral spongiform pustule Mild vasculitis 
Very little parakeratosis 
5 F/31 2 Sides of neck, trunk, Long flaccid SCP Papillary oedema + 
axillae, groins Spongiform pustule and parakeratosis Perivascular RBC + + 
in base Vasculins + + 
6 E/55 31 Sides of neck, trunk, Flaccid SCP Papillary oedema 
axillae, limbs, shins Long ul-defined basal spongiform pustule Papillary RBC 
No parakeratosis Mild vasculitis 


SCP, subcorneal pustule; RBC, red blood cells; PMN, polymorphonuclear leucocytes. 


present in some areas resulting in additional frankly 
purulent pustular and exudative erosions (Fig. 2). 

On general examination all the patients looked fit and 
none showed evidence of systemic disease. It is not 
certain whether septic foci were specifically sought in 
each patient, but it was noted that the ears, nose and 
throat were normal in Cases 2, 5 and 6. 


Laboratory investigations 


Abnormal findings were as follows. In Case 2 the 
erythrocyte sedimentation rate was raised to 78 mm/h 
(Westergren). Streptococcus pyogenes and Staphylococcus 
aureus were isolated from lesions which were obviously 
secondarily infected in Case 2 and S. aureus was isolated 
from an infected lesion in Case 5. 


Skin biopsies 


Histological examination revealed similar changes in all 
patients, although it was usually necessary to examine 
serial sections. The findings in each patient are summar- 
ized in Table 1. A constant feature was a subcorneal 
pustule, either densely packed with polymorphonuclear 
leucocytes and cellular debris or flaccid and containing 
relatively few cells. There was a moderate degree of 
acanthosis and mild spongiosis of the epidermis in most 
cases. There was evidence of a spongiform pustule in 
each patient. This was either small and insignificant, 
situated in the side of a round subcorneal pustule, or 
large and well developed forming part of the base of a flat 
blister. A parakeratotic layer was usually seen to form 
part of the base of the subcorneal pustule (Fig. 3). 
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Figure 1, Lesions involving mainly sides of neck in Case 3 


Figure 2. Diffuse involvement of trunk and neck with secondary 
infection in Case 5, 








Dermal changes included papillary oedema which 
was seen in all patients except Case 4. Extravasation of 
erythrocytes in the tips of dermal papillae was a feature 
in some patients and occurred mainly in areas where 
papillary oedema was intense (Fig. 4). In Case 5 the 
extravasation was perivascular, situated deeper in the 
papilla. Some papillae contained polymorphonuclear 
leucocytes that could be seen migrating through the 
overlying epidermis towards the subcorneal pustule. 
Capillaries and larger vessels showed perivascular 
oedema and a perivascular infiltrate of mononuclear 
cells and polymorphs showing varying amounts of 
leukocytoclasis. In Cases 5 and 6 fragments of neutro- 
phils and erythrocytes were seen in the same papillae. 
Fibrinoid change and disruption of vessel walls were 
seen in Cases 1, 4, 5 and 6. 

Gram stains of pustules in Cases 4 and 6 demonstrated 
no bacteria. 

Immunofluorescence studies on frozen sections in 
Cases 2, 5 and 6 gave negative or non-specific results. In 
Case 2 there was a moderately strong, thin linear band of 
fluorescence at the basement membrane zone under the 
pustule with C, and strong fluorescence of vessels in the 
mid-dermis with fibrin. 


Treatment 


In three patients (Cases 1, 2 and 5) the rash responded 
rapidly to dapsone in a dose of 50-100 mg/day. In Case 
6, who was followed up for 2 years, a combination of 
dapsone 100-150 mg/day and prednisone 5 or 10 mg 
on alternate days was necessary. The remaining two 
patients (Cases 3 and 4) showed a rapid temporary 
improvement on treatment with topical and oral tetra- 
cycline, the latter given in a dose of 250 mg twice daily 
for a few weeks at a time. 


Discussion 


Our patients were initially diagnosed as having subcor- 
neal pustular dermatosis (Sneddon—Wilkinson) because 
of the chronic recurrent nature of the eruption and the 
initial histological finding of subcorneal pustules with- 
out other obvious epidermal change. However the 
finding of a spongiform pustule in one of the later 
patients in the series prompted us to re-examine serial 
sections of the original biopsies. In addition to spongi- 
form pustules, we found evidence of capillaritis in the 
papillary dermis and vasculitis in the mid-dermis. We 
seemed to be dealing with a specific entity with a 
characteristic clinical picture in which recurrent wide- 
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Figure 3. Histology of flat flaccid subcorneal 
pustule in Case | showing spongiform 
pustule in base with parakeratosis on the 
right. 


Figure 4. Oedema, erythrocyte extravasation 
and polymorphs in papillae in Case 3. 


spread subcorneal pustules were often maximal in the 
flexures but were never annular or gyrate and which 
showed on biopsy a spongiform pustule and underlying 
vasculitis. Additional features were that all patients were 
female and that there was a familial occurrence in some. 
The infection present in some areas in two of the patients 
was regarded as a secondary phenomenon and not part 
of the actual disease. 

Subcorneal pustular dermatosis was regarded by 
Sneddon and Wilkinson as a specific entity.*** However, 
with continued observation many cases have later been 
diagnosed as pustular psoriasis because they developed 
spongiform pustules.’ A spongiform pustule is regarded 
as the single definitive criterion for distinguishing 





between subcorneal pustular dermatosis and pustular 
psoriasis.*” For this reason we consider our patients to 
have a chronic recurrent form of generalized pustular 
psoriasis. In our patients both the spongiform and 
subcorneal pustules varied in size and shape according 
to the age of the lesion and the level of sectioning. 
Subcorneal pustules were round and tense with small 
lateral spongiform pustules in some biopsies while in 
others they were flat and flaccid with large basal 
spongiform pustules. In the dermis the presence of 
marked papillary oedema with erythrocyte extravasa- 
tion and leucocytoclasis were regarded as evidence of 
vascular damage. 

We have been unable to find vasculitis reported in 
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pustular psoriasis but it has been described in acute 
pustular eruptions not regarded to be psoriasis. Leucocy- 
toclastic vasculitis with a subcorneal (but not spongi- 
form) pustule was found in an ‘acute generalized 
pustular bacterid’ ascribed to a streptococcal throat 
infection by Tan.? The clinical presentation tn this case 
differed from ours in that the pustules were larger, 
involved mainly the extremities, including palms and 
soles, and occurred as a single attack of short duration. 
Miyachi et al.* described a similar patient with an acute 
rash in whom histological examination showed spongi- 
form pustules with an underlying leucocytoclastic vas- 
culitis. In addition, there have been three reports of 
patients who have had upper respiratory tract infections 
and subsequently developed acute intraepidermal pustu- 
lar eruptions maximal on their hands and feet.>-’ These 
were accompanied by an underlying leucocytoclastic*® 
or lymphocytic’ vasculitis and are likely to have been 
due to circulating immune complexes. 

Circulating immune complexes are an expected find- 
ing in acute pustular eruptions due to infections but they 
have also been demonstrated in patients with psoriasis 
vulgaris where it is uncertain whether they play a 
primary or secondary role in the pathogenesis of the 
disease.!° Depositis of C3 and immunoglobulins at the 
dermo-epidermal junction and in vessel walls in patients 
with pustular and other forms of psoriasis also suggest 
that tmmune complexes may be important in the 
development of lesions.'! In our patients immune com- 
plex deposition is suggested by the observation of a 
leucocytoclastic vasculitis. The lack of clinical evidence 
of underlying infection and the chronic recurrent course 
makes it unlikely that infection played a role. Our 
immunofluorescence studies serve mainly to confirm the 
absence of deposits of IgA which have recently been 
described in other intraepidermal pustular dermatoses.!* 

In our view, these patients represent a variant of 
pustular psoriasis in which there is a recognizable 


clinical presentation and in which histological examin- 
ation reveals evidence of vascular damage in addition to 
both a subcorneal and spongiform pustule. Since making 
this observation, we have found this histological combi- 
nation in biopsy specimens of three patients clinically 
diagnosed as having pustular psoriasis. Our experience 
has shown that serial sections and, if necessary, multiple 
biopsies are needed in order to classify the subcorneal 
pustular dermatoses properly. 
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Summary 


A case is reported of a 14-year-old boy with a mass arising from the umbilicus, which was a large, 


well-organized candidal granuloma. Cell markers showed normal numbers and distribution of 
peripheral T and B lymphocytes but there was no reaction to intradermal injection of Candida, 
suggesting a specific T-cell defect such as occurs in chronic mucocutaneous candidiasis. < 


Case report 


.A 14-year-old schoolboy presented with a large, protu- 
berant umbilical mass which had artsen from an isolated 
patch of red, scaly skin over the previous 18 months. 
There was no history of either acute inflammation or 
discharge from the lesion. The umbilicus had apparently 
been entirely normal prior to the development of the 
mass and had never discharged or leaked fluid. His 
parents were unrelated and there was no family history 
suggestive of immune deficiency. There were no signifi- 
cant familial illnesses other than a mild atopic tendency. 

During childhood, he was vaccinated against tetanus 
and poliomyelitis, but not pertussis. Diphtheria immuni- 
zation was limited to a single dose as it was complicated 
by marked swelling of the arm. He received BCG 
vaccination at the age of 13. His general health was good 
with no significant illness other than childhood eczema. 

Examination showed he was of normal height (153 
cm) and weight (53 kg). A general examination was 
normal. There was no evidence of cutaneous disease 
other than mild facial acne. The scalp, mucous mem- 
branes and nails were all normal. Arising from the 
umbilicus was a soft, brown, pigmented lesion measur- 
ing 3x5 cm (Fig. 1) with a finely pebbled and mildly 

“scaly surface protruding 3 cm above the surrounding 
skin. 

A wedge biopsy was taken from the mass and the cut 
surface was pale yellow. On histology there was a 
granulomatous inflammatory reaction within the der- 
mis. The non-caseating granulomata were composed of 

- epithelioid histiocytes and numerous multinucleated 
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giant cells partially surrounded by a rim of lymphocytes 
(Fig. 2). The overlying epidermis showed focal parakera- 
tosis but was otherwise unremarkable. Ziehl—Neelsen 
stain was negative, but PAS demonstrated scanty 
numbers of fungal hyphae within the granulomata and 
occasional blastospores in the epidermal keratin. The 
morphological characteristics of the fungus were those 
of Candida and this was confirmed with positive labelling 
of fungal hyphae in tissue labelled by indirect immuno- 
fluorescence with a rabbit polyclonal antiserum to 
Candida. The hyphae did not label with monoclonal 
(murine) antibodies to Aspergillus or dermatophytes. The 
mass was then excised. Candida albicans was cultured 
from tissue removed from the centre of the lesion. A 1- 
month course of intraconazole (100 mg daily) was given 
as the excision was histologically incomplete. 

Initial immunological investigations demonstrated 
anti-Candida-precipitating antibodies present at a titre of 
1:8 to cell wall mannan and at 1:32 to somatic protein/ 
glycoprotein, compatible with active infection and an 
appropriate serological response. Precipitating anti- 
bodies to Aspergillus fumigatus were not detected. C- 
reactive protein was 0-9 mg/dl (normal <0-8), indicat- 
ing a lack of inflammatory response, compatible with the 
indolent nature of the lesion. Serum IgG was polyclo- 
nally elevated at 24:6 g/l (normal 6:0-13:0) but IgA, 
IgM, C3 and C4 were all within the normal range. Two 
months after surgical excision of the lesion, further 
immunological studies were performed. Serum IgG was 
23:0 g/l; total IgE was > 1000 kU/l (normal <125), 
compatible with his atopic background. Specific anti- 
bodies were detected at normal titres to tetanus, Escheri- 
chia coli and Pneumococcus; no antibodies were detected 
against diphtheria, consistent with his incomplete pre- 
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Figure 1. Mass arising from the umbilicus. 


vious immunization. Antiviral antibodies were detected 
against varicella zoster, Epstein-Barr virus and poliovir- 
us (vaccine strain), but not cytomegalovirus, rubella or 
HIV. Analysis of lymphocyte markers showed normal 
numbers of CD4* and CD8* T cells which were present 
in normal proportions; B cells were present [CD20 * | and 
almost all were activated as judged by co-expression of 
CD23. Skin testing for Type IV hypersensitivity was 
performed using the Merieux Multi-Test CMI: there were 
weak positive reactions to tetanus and diphtheria anti- 
gens, but no response to candidal, streptococcal, tuber- 
culin, Trichophyton or Proteus antigens. Immunologi- 
cally, there was evidence for an active humoral response 





to Candida, but no cell-mediated response. Neutrophil 
function was not studied. 

There was a mild iron deficiency anaemia with a 
haemoglobin of 12:2 g/dl, MCV of 77 fl, MCH of 25-9 pg 
and a serum ferritin of 49 ng/ml (normal range 30-300 
ng/ml). Liver function tests, urea and electrolytes and 
serum glucose were normal. The serum calcium was 
2-47 mmol/l and the serum albumin 44 g/l. Thyroid 
function tests were normal. 

A small bowel enema was performed to exclude the 
presence of a Meckels diverticulum and patent vitelline 
duct and was normal. Six months after excision of the 
umbilical mass, there was no clinical or biochemical 
abnormality to suggest continuing fungal infection. 


Discussion 


Chronic Candida infection of the skin and mucous 
membranes is represented by a spectrum of disorders 
ranging from the banal and easily treated to more 
aggressive and resistant conditions. Cutaneous candi- 
diasis associated with generalized immunodeficiency is 
rare, and is usually associated with disseminated candi- 
diasis.'’ 

Minor nutritional deficiencies of pyridoxine,* iron” 
and folate’ have been shown in some cases to be 
associated with candidal infection. Some investigators 
have reported improved immune function following the 
treatment of iron deficiency,’ but others have been 
unable to demonstrate such a response.’ The nutritional 


Figure 2. Well-organized granulomata with 
numerous multinucleated giant cells 
throughout the lesion. 


tron deficiency in our patient may have contributed to 
the development of the candidal granuloma. Treatment 
of the iron defictency occurred simultaneously with 
surgical removal of the umbilical mass and subsequent 
therapy with itraconazole. The role of tron deficiency in 
the pathogenesis of the chronic candidal infection is 
therefore unresolved in our case. 

Immunological investigations in our patient showed a 
- high serum humoral anti-candidal response with nega- 
tive cutaneous delayed hypersensitivity to injected Can- 
dida antigen. An immune imbalance was apparent with 
excess antibody formation and defective cell-mediated 
immunity. Three mechanisms have been postulated to 
explain this phenomenon:?® delay in antibody response to 
the organism may allow rapid multiplication of C. 
albicans with subsequent production of excess anti- 
candidal antibody; high levels of Candida antibody may 
also result from previous infections; a third possibility is 
an excessive humoral response following the initial 
candidal infection. All three mechanisms result in high 
levels of Candida antibody which may impair cell- 
mediated tmmunity to Candida. 

Eight cases of resistant oral candidiasis were reported 
by MacKie et al. in 1978.8 Four of these patients had no 
significant abnormality in immune function and res- 
ponded to antifungal therapy with nutritional supple- 
ments. The remaining four patients had deficiencies in 
specific Candida-related immune function, as seen in our 
case, with no evidence of a more generalized immunode- 
ficiency. Candida-killing and nitro-blue-tetrazoltum tests 
were not performed on our patient as immunological 
assessment was directed at humoral and cell-mediated 
aspects of lymphocyte function. The eight patients 
described above all had Candida-killing and nitro-blue- 
tetrazolium tests which were normal, suggesting normal 
neutrophil function. 

A specific defect in the immune system may rarely 
result in disseminated candidiasis in otherwise immuno- 
competent patients. Staples et al.? reported the case of a 
previously healthy 15-year-old girl who developed a 
nearly fatal Candida albicans septicaemia with peritonitis. 
Immunological investigation revealed normal humoral 
and cell-mediated Candida responses and normal phago- 
cytosis of Candida albicans, but candidacidal assays using 
the patient's peripheral blood leucocytes gave signifi- 
cantly impaired values. It was concluded that a unique 
leucocytic defect had been identified. 

A comparison of our case with cases of chronic 
mucocutaneous candidiasis (CMC) shows clear differ- 
ences in clinical, histological and immunological fea- 
tures. The histology of ‘granulomata’ in CMC character- 
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istically shows massive hyperkeratosis with little or no 
formation of granuloma, and is therefore something of a 
misnomer.’ The well-organized fungal granuloma seen 
in our case is histologically far removed from the typical 
appearances seen in CMC. Such patients also have much 
higher levels of anti-Candida IgG than was seen in our 
case and commonly have additional defects in immuno- 
logical function.‘ Clinically there were striking differ- 
ences, between our case and CMC. Chronic mucocuta- 
neous candidiasis includes a spectrum of disease entitles 
ranging from a severe combined immune-deficiency 
commonly fatal in childhood, to the mildest form in 
which late-onset candidiasis may be limited to parony- 
chia or buccal mucosal involvement.'? An associated 
endocrinopathy may occur in CMC and was not identi- 
fied in our patient. 

Granulomatus lesions have been reported in children 
in the napkin area? and gluteal region.'* The reddish- 
brown tumours described in these reports resemble our 
case apart from being multiple in number and smaller in 
size. In two cases’? C. albicans was isolated from the 
surface of the lesions, but histologically no fungal 
elements were seen and foreign body giant cells were 
absent. The histological features of the gluteal granulo- 
mata!* were dissimilar to our case, with fibrous prolifer- 
ation and fibrosarcomatous features with spindle cells. 
Neither of these two reports?+-!4 implicated C. albicans in 
the pathogenesis of the granulomatous lesions. 

The differential diagnosis of umbilical granulomata 
includes a variety of conditions, including tale granu- 
loma. Eighteen cases of talc granuloma of the umbilicus 
were reviewed in 1970, of whom 13 represented 
pyogenic granulomata, and five umbilical polyps. The 
clinical diagnosis made at presentation of our patient 
was that of a talc granuloma but no histological 
evidence of talc could be found. 

The absence of a history of discharging urine and a 
cutaneous opening excluded the diagnosis of a patent 
urachus in our patient. A patent vitelline duct may cause 
an inflammed umbilicus but more commonly presents as 
an umbilical polyp in later life.'° A small bowel enema 
was performed to exclude this rare possibility in our case. 
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Summary 


A case of multiple keratoacanthomas (KAs) arising on sun-damaged skin in a 63-year-old male is 


reported. The patient showed a moderate elevation of the T-helper/T-suppressor ratio. Therapy with 
thymic hormone appeared to improve the condition. 


Keratoacanthomas (KAs) are benign, self-healing epi- 
thelial tumours of the skin which usually arise as a single 
lesion in sun-exposed areas. When multiple, they may be 
familtal or sporadic,!™ and associated with immunologi- 
cal abnormalities* and as a consequence of intense sun 
exposure.* We report a case of multiple KAs arising in a 
patient with a long history of sun exposure and slight 
abnormalities of the lymphocyte subset. 


Case report 


A 63-year-old fair-skinned man had been a butcher 
since he was 15 years old, but at the age of 33 started 
working as a farmer in his spare time. At the age of 43 
the first KA appeared on his right cheek and since then 
new lesions have continued to appear at an average rate 
of one per year. When he was 48, the patient started to 
work full-time as a farmer and KAs then appeared at an 
average rate of four per year. The patient would usually 
attend hospital 4-8 weeks after the appearance of the 
lesions which were then excised. Later on the KAs were 
left in situ and underwent spontaneous involution after 
10 months. Currently, 20 years after the appearance of 
the first lesion the patient has developed 43 KAs in total. 
Thirty-four of these were excised, seven spontaneously 
regressed and two are still present. Most of the lesions 
were located on the face (26), seven were on the 
forearms and nine on the legs. Both sides of the body 
were equally affected. One KA was present on the 
epidermal side of the anorectal junction. The patient was 
otherwise in good health. Yearly chest X-rays, gastroin- 
testinal endoscopy and laryngeal examination were 
negative. Routine serum and blood tests were normal. 


Correspondence: Professor V.Euseb1, Istituto dt Anatomia ed Istologia 
Patologica, Ospedale Bellaria, Via Altura, 3, 40139 Bologna, Italy. 


In June 1989 the peripheral lymphocyte subsets were 
studied using a cytofluorimeter FACScan (Becton-Dick- 
inson) (Table 1). As the number of T-suppressor lympho- 
cytes was low, the patient was treated with thymic 
hormone (70 mg/day for 15 days, and then 70 mg twice 
weekly for 3 months). In addition a sunscreen was 
prescribed. Three KAs which had appeared before 
treatment rapidly healed. Repeat typing of lymphocytes 
at the end of the treatment revealed almost normal 
subset levels (Table 1). Four months after suspension of 
therapy the patient presented with two new lesions on 
the right forearm and on the upper lip. A second cycle of 
therapy was started and the lesions disappeared within 8 
weeks. The lymphocytes were typed 2 weeks after the 
beginning of this new cycle of therapy (Table 1). No 
lesions were evident ] month after the disappearance of 
the last lesion. 

The macroscopic features varied according to the age 
of the lesions. Initially they appeared as small reddish 
nodules that enlarged within 6-8 weeks (measuring 
0-5-2:5 cm in diameter), while a central cavity 


Table 1. Percentages of lymphocyte subsets 


Percentage of total lymphocytes 
During 
Lymphocyte Before After therapy Normal 
subset therapy therapy (second cycle) values 
T helper 63°6 52 58 29-55 
T suppressor 17-3 24 22 19-47 
Th/Ts 3-7 2:16 2:63 0-8-1-7 
Mature T 62:4 66 65 63-79 
Mature B 8-6 12 11 10-18 
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Figure 1. A 5-week-old KA appears as a nodule with a central horn 
filled crater 


appeared (Fig. 1). Lesions which had been left in situ tor 
9-16 weeks were larger, reaching 8:5 cm in diameter, 
and had a central horn-tilled crater. Lesions present tor 
more than 16 weeks appeared flat, white and were 
covered with keratin. After 6-10 months KAs resolved 
into whitish, flat scars (Fig. 2). This pattern was reflected 
histologically. Nodules that were immediately excised 
showed a cental keratin-filled invagination of the epider- 
mis, surrounded by strands of epithelial cells (Fig. 3). In 
well-developed lesions the central horn-filled crater was 
enlarged. Peripheral groups of epithelial cells branched 
from the central crater and invaded the underlying 
dermis, without extending below the plane of the sweat 
glands. In two lesions epithelial cells infiltrated peri 
neural spaces. Elastic fibres were sometimes observed 
within the epithelium. Epithelial cells surrounding the 
crater and composing the strands did not show atypical 
features or mitoses (Fig. 4). A prominent inflammatory 
infiltrate was present around the well-developed lesions, 
In older lesions the central crater was flattened. The skin 
adjacent to the KAs showed features of actinic keratosis 
of the hypertrophic type. 


Figure 2. (a) Partially healed 10-week-old KA. (b) KA 8 months after 


first appearance, appearing as whitish flat scar 
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Figure 3. Well developed KA showing typical central crater, sur- 
rounded by branches of epithelial cells (haematoxylin and eosin, 


<2:5) 


MULTIPLE KAs AND THYMIC HORMONE TREATMENT 481 


Figure 4. Higher power view of a well 
developed KA, epithelial cells do not show 
atypical features or mitotic figures 
(haematoxylin and eosin, x 350). 


Discussion 


To date our patient has developed 43 KAs, mostly on the 
sun-exposed areas of the skin. The size and high number 
of the lesions in cases of multiple KAs often lead to the 
suspicion of malignancy. However, the histological 
features of the lesions in our patient were typical of KAs. 
In two lesions epithelial cells infiltrated the perineural 
spaces which is a well-documented feature in KAs." The 
20-year history of multiple excisions, without signs of 
recurrence, and the spontaneous regression of seven 
lesions also indicate a benign process. 

Several forms of multiple KAs have been reported in 
the literature. The most frequently reported form is the 
eruptive type of KA,’ characterized by hundreds of 
minute, synchronous KAs with generalized involvement 
of the skin and mucous membranes and frequent 
association with internal diseases, such as hypertension 
and nephrosclerosis.” Our patient had less numerous 
KAs, which did not involve the mucous membranes and 
did not arise synchronously. The Ferguson Smith syn- 
drome? is an autosomal dominant condition affecting 
young patients, characterized by multiple KAs which 
may occur in crops. Muir—Torre syndrome!’ is another 
familial form of multiple KAs associated with sebaceous 
tumours and primary carcinomas of the gastrointestinal 
tract, larynx and lung. The lack of family history and of 
internal malignancies in our patient excluded these two 
syndromes. 

In 1939, Poth’ reported a case of multiple KAs arising 





in a fair-skinned man with a history of sun exposure. The 
KAs disappeared when the patient avoided sun expo- 
sure. Since then eight similar cases have been reported in 
the literature (Table 2). In six of these cases a causative 
factor, such as PUVA, sun and heat, was present but in 
three cases no such factors were traced.*:'':'* In our case 
the appearance of KAs was related to sun exposure and 
only one of the 43 KAs was in a non-exposed site, near 
the anogenital region. Multiple KAs have been reported 
in immunodepressed patients'* but there was no evi- 
dence of either iatrogenic or spontaneous immunosup- 
pression in our patient. The only anomaly of the immune 
system that we found was an increased T-helper/T- 
suppressor ratio. A study of mice exposed to UV rays 
found local acute effects, and distant effects, mediated by 
an increased number of T-suppressor lymphocytes.'” 
These results were confirmed in humans!" when an 
increased number of 'T-suppressor lymphocytes was 
found in sun-exposed patients with multiple skin 
cancers. A study of peripheral lymphocyte subsets in a 
patient with eruptive KAs found, unlike in the present 
case, that the T-helper/T-suppressor ratio was normal 
but mitogen-induced lymphocyte proliferation was 
low.'’ Clinical improvement following treatment with 
etretinate was accompanied by a normal response of 
mitogen-induced lymphocyte proliferation. 

We cannot state, at present, whether the increased T- 
helper/T-suppressor ratio in our patient was a conse- 
quence of the chronic sun exposure or part of the 
causation for the multiple KAs. Variations of the T- 
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Table 2. Cases of multiple keratoacanthomas 


Authors Sex Age Exposure 
Poth? M 45 Sun 
Fliegelman and Loveman? M 75 Heat 
Ephraim and Kaufman’? F 65 Sun 
Bellone?? F 29 NS 
Reid and Cheesbrough* M 62 NS 
Colombo et al.!? M 71 NS 
Sina and Adran!’ M 43 PUVA 
M 55 PUVA 
Present case M 63 Sun 


No. of lesions Sites Dimensions (cm) Follow up 
4 Hands 2 FU/NT 
>4 Hands 2 DOC 
20 Arms, forearms 3 AWD 
30 Face, back 15 AWD 
19 Eyelids, back, 2:3 AWD 
legs, feet, 
hands, penis 
5 Face, forearms NS AWD 
14 Face, trunk, 2 AWD 
extremuties 
‘Multiple’ Legs NS No FU 
43 Face, forearms, 2:5 AWD 
legs, anus 


FU, follow up; NT, no therapy; AWD, alive with disease, DOC, died of other causes; NS, not stated. 


helper/T-suppressor ratio may not be specific as they 
occur in several pathological conditions.1® The normali- 
zation of the T-helper/T-suppressor ratio after treatment 
with thymic hormone corresponded to a period of 
freedom from new KAs and the rapid regression of three 
KAs; however more cases will need to be studied. 
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Summary 


Oral hairy leukoplakia (OHL) is seen almost exclusively in patients infected with HIV. A case is 


reported of OHL occurring in a patient who was seronegative for HIV and who had a renal graft. This 
occurred following an increase in his treatment with immunosuppressive drugs. 


Oral hairy leukoplakia (OHL) was first described in 1984 
in male homosexuals with AIDS' and subsequently in 
other groups of HIV-infected patients. The condition is 
due to an opportunistic infection with the Epstein-Barr 
virus (EBV) in the keratinocytes of the oral mucosa. It 
has generally been considered as a hallmark for HIV 
infection. We have recently observed a typical case of 
OHL that developed in a HIV-negative patient who had a 
renal graft and who was on immunosuppressive ther- 
apy. 


Case report 


A 40-year-old Caucasian male with polycystic renal and 
hepatic disease and who developed chronic renal failure 
had in July 1989 a cadaveric renal transplant. He was 
commenced on treatment with 15 mg prednisolone, 100 
mg azathioprine and 200 mg cyclosporin daily. In late 
December, because of graft rejection, the dose of predni- 
solone was increased to 65 mg daily. In mid-January 
1990 he developed white irregular and raised plaques on 


the lateral borders of the tongue (Fig. la). A diagnosis of 


candidosis was made by his family doctor but treatment 
with fluconazole was ineffective. He was later seen by 
one of us (S.E.) and the correct diagnosis of oral hairy 
leukoplakia was made. He was otherwise in good health 
and had no other infection. Serological tests for HIV-1 
and HIV-2 before and after the appearance of the OHL 
lesions were all negative. 

In late February 1990 the dose of steroids was reduced 
and the lesions of OHL cleared completely (Fig. 1b), and 
there has been no recurrence. 


Correspondence: Dr |.Kanitakis, Department of Dermatology, Ed. 
Herriot Hospital, 69437 Lyon Cedex 03, France. 








Figure 1. Lesions of oral hairy leukoplakia (a) at presentation, (b) after 
reducing the dose of systemic steroids. 


Histology 

A biopsy was taken from the lateral margin of the tongue 
and divided into three portions. One was fixed in Bouin's 
fixative and processed for routine histology and for 


immunohistochemistry. The second portion was snap 
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frozen in liquid nitrogen and processed for immunofluor 
escence. The third portion was fixed in 2% glutaralde- 
hyde and processed for transmission-electron micro- 


SCOpPY. 


Light microscopy 


There was an irregularly thickened epithelium with 
parakeratosis and the superticial layer contained cells 
with eosinophilic cytoplasm (Fig. 2). In the upper 
epidermis there were koilocytoid cells, having a dark 
basophilic nucleus surrounded by clear vacuolated 
cytoplasm. In many of these cells there were nuclear 
basophilic inclusions of the Cowdry A type (Fig. 3). There 
were a few mononuclear cells around isolated capillary 
vessels in the upper dermis. Sections stained with PAS 
showed no evidence of Candida. 


Immunohistochemistry 


Immunohistochemistry using an antiserum with a very 
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Figure 2. Histology of the lesion. Parakeratosis (p), irregular acanthosis 
with the presence of numerous koilocytoid cells (k) in the upper 
epidermis (haematoxylin and eosin, x 100) 
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Figure 3. Intranuclear type A Cowdry inclusion (arrows) (haematoxy 
lin and eosin, x 400) 





Figure 4. Fluorescence of the epithelium in OHL using anti-EBV-NA 
and -VCA antiserum (d. dermis) ( x 250) 
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Figure 5. Indirect immunofluorescence showing expression of CD21 
antigen (EBV receptor) on the plasma membrane of epithelial cells 
(x210). 
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Figure 6. Electron micrograph showing abundant herpes-type virions 


at various stages of maturation within a keratinocyte nucleus (n}in the 
upper epidermis ( x 20.000). 


high titre of antibodies to EBV-NA and -VCA antigens 
showed a marked reactivity within the nucleus and 
cytoplasm of the keratinocytes in the upper layers of the 
epithelium (Fig. 4). Langerhans cells were seen in small 
numbers that stained positive with S100 and CD1a and 
HLA-DR in the lower part of the epidermis. Using OKB7 
(Ortho, Raritan, NJ, U.S.A.) that recognizes the CD21 
antigen of leucocyte differentiation that serves as the 
C3d (CR2) and EBV receptor, showed labelling of the 
plasma membrane of the keratinocytes (Fig. 5). 


Electron microscopy 


There was a heavy colonization of the upper epithelium 
with coccobacilli that were sometimes seen within the 
cytoplasm of the keratinocytes. The most striking finding 
was the presence of many herpes-type virions in various 
stages of maturation with capsids that measured 100- 
120 nm in diameter, either empty or with an electron- 
dense core (Fig. 6). These virions were to be seen within 
the nucleus and/or the cytoplasm of the keratinocytes as 
well as in the intercellular spaces. 


Discussion 


Oral hairy leukoplakia (OHL) is considered to be due to 
an opportunistic infection of EBV in the epithelial cells of 
the mucosa. The presence of EBV is considered to be an 
important diagnostic criterion for OHL.- There are 
however lesions that clinically and histologically resem- 
ble OHL (pseudo-oral hairy leukoplakia) but these are 
usually seen in non-immunocompromised individuals 
and do not contain EBV.’ So far OHL has been observed 
almost exclusively in those patients infected with HIV. It 
has been estimated that 48% of patients with OHL will 
progress to AIDS within 16 months following the 
development of the lesions.’ Rarely, it has been claimed 
that OHL has been observed in HIV-negative individuals, 
in male homosexuals!’ and in a liver graft recipient.” 
However, no biopsy was performed in these cases and 
the diagnosis of OHL cannot therefore be contirmed. 
Lesions diagnosed as OHL have been reported in two 
allogeneic bone-marrow recipients although in these 
cases the presence of EBV was not investigated.’ How- 
ever, since 1988 there have been three cases of OHL that 
have been virologically confirmed and that have devel- 
oped in HIV-negative renal and bone-marrow graft 
recipients who have been on immunosuppressive or 


0-12 Our patient who was HIV- 


cytostatic therapy. 
negative, represents the fourth documented case of OHL 


and who was on immunosuppressive therapy. 
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The clinical, light and electron microscopic and the 
immunohistochemical findings in our case were indis- 
tinguishable from those seen in OHL associated with 
AIDS.2413.14 It appears that OHL is not specific for HIV 
infection but is seen when there is profound immuno- 
suppression. In our patient the lesions of OHL appeared 
when immunosuppressive therapy was increased and 
regressed spontaneously when the treatment was 
reduced. Why OHL is seen more frequently in the course 
of HIV infection when compared to other immunodefi- 
ciency diseases is as yet unknown. 
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Summary 


Two sisters with erythrokeratoderma are described. In the younger sister the clinical appearance 


‘corresponded to erythrokeratoderma variabilis (EKV), whereas in the older sister it corresponded to 
progressive symmetrical erythrokeratoderma (PSEK). Ultrastructural findings in both cases were 
identical. We suggest that EKV and PSEK are different manifestations of a single condition. 


The term erythrokeratoderma variabilis (EKV) was first 
used by Mendes da Costa in 1925 to describe a mother 
and daughter with relatively fixed patches of hyperkera- 
tosis and erythematous areas ‘characterized by capri- 
ciously formed outlines, like the boundary lines of sea- 
coasts on maps’. In contrast to the hyperkeratotic areas, 
the erythematous areas moved from hour to hour. EKV 
is inherited in most cases as an autosomal dominant 
condition?” and the largest pedigree is that investigated 
by Noordhoek.* Genetic linkage with the rhesus blood 
group has recently been shown.’ The condition tends to 
present at birth or during the first year, but may begin 
later in childhood or in early adulthood. Lesions prefer- 
entially affect the face, buttocks, and extensor surfaces of 
the extremities. Palmoplantar keratoderma occurs in up 
to half the cases but structures such as hair, nails and 
teeth are not affected. 

The original description of progressive symmetrical 
erythrokeratoderma (PSEK) was probably that of Dar- 
ier,° although the name by which the condition ts now 
known was given by Gottron in 1922.’ It is also 
inherited as an autosomal dominant condition, with 
incomplete penetrance and variable expressivity. Hyper- 
keratotic plaques are distributed symmetrically over the 
body, particularly on the extremities and buttocks but 
also on the face.®-1* Again, palmoplantar keratoderma is 
often present. Epidermal cell proliferation is reportedly 
increased.}3 

The distribution of hyperkeratotic lesions in both 
conditions is thus very similar and the main distinction 
between EKV and PSEK is the presence of variable 
erythema in EKV. There is no exact definition of either 
condition. However, some reports of EKV do not mention 


Correspondence: Dr A.W.Macfarlane. 


the erythematous component at all,'* whereas many 
reports of PSEK clearly state that the hyperkeratotic 
plaques arise on an erythematous base. 

A limited number of ultrastructural studies have been 
performed in the erythrokeratodermas. In EKV, two 
studies noted clumped perinuclear tonofilaments and 
subnormal numbers of membrane coating granules 
(MCGs, keratinosomes) within the stratum granulo- 
sum.?!° In another patient MCG numbers were nor- 
mal.'® In PSEK, one study noted marked swelling of 
mitochondria in the stratum granulosum, with lipid-like 
vacuoles in corneocytes.’ 


Case reports 
Case 1 (J.S., aged 5 years) 


This girl had well-demarcated erythema of the soles at 
birth. When she was 17 months old she developed a 
recurrent red eruption on the face, trunk and extremi- 
ties. These expanding, migrating annular lesions lasted 
from several hours to 2 days, often appearing at times of 
marked environmental temperature change or when 
febrile. At the age of 3 years she developed scaly, slightly 
pigmented patches on the cheeks and ears, pigmented 
and hyperkeratotic plaques distributed symmetrically on 
the posterior thighs (Fig. 1), and palmoplantar kerato- 
derma. The plaques may become temporarily more 
erythematous at times. The clinical diagnosis was EKV. 


Case 2 (S.S., aged 8 years) 


This girl, the older sister of J.S., had no skin problems 
before the age of 6 years. She then developed pigmented, 
scaly plaques on the cheeks and chin (Fig. 2), with 
erythema and peeling of the pinnae. Pigmented, scaly 
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Figure 1. Case | (J.S.) Hyperpigmented and 
hyperkeratotic plaques distributed 
symmetrically on the posterior thighs. 


plaques were also present in a remarkably symmetrical 
distribution on the medial thighs, knees and elbows, and 
there was keratoderma of the soles and palms. There 
were no migrating areas of erythema but from the age of 
8 years the fixed patches and the skin around them often 
became redder in extremes of environmental tempera- 
ture. The diagnosis in this child was more that of PSEK 
than EKV, which had been diagnosed in her sister. 

There was neither a family history of erythrokerato- 
derma nor were the parents consanguineous. Both 
children were treated with preparations including 5% 
lactic acid ointment, Sential® cream (0:5% hydrocorti- 
sone +4% urea+4% sodium chloride), Calmurid® 
cream (10% urea+5% lactic acid), and an emollient 
cream kindly supplied by Unilever, all with some 
improvement. 


Light microscopy 


S.S. (Case 2) had a skin biopsy taken from a hyperkerato- 
tic plaque. Light microscopy was not diagnostic, show- 
ing only orthohyperkeratosis with basket-weave kera- 
tin, a well-preserved granular cell layer, some 
acanthosis, and a sparse upper dermal lymphoreticular 
infiltrate. 


Electron microscopy 


Technique. In both children samples for electron micro- 


scopy were removed from hyperkeratotic plaques and 
cut into pieces 1 mm’. Specimens were then fixed for 1 h 
with 2% formaldehyde and 2:5% glutaraldehyde in 0-1 
M cacodylate buffer (pH 7-2) containing 5% sucrose and 
0-05% calcium chloride, post-fixed with 1% osmium 
tetroxide, dehydrated, and embedded in Epon. To 
enhance specifically the contrast of membrane-coating 
granules (MCGs) some additional specimens were secon- 
darily fixed with imidazole-buffered osmium tetroxide. !7 
Ultrathin sections (60 nm) stained with 5% uranyl 
acetate and Reynolds lead citrate were viewed in a 
Philips EM 300 transmission-electron microscope.'* 


Results. Ultrastructural observations revealed no 
obvious differences between the samples from each child. 
The only apparent subcellular changes occurred in the 
stratum granulosum. In contrast to normal control 
epidermis (Fig. 3a) a prominent tonofilament/kerato- 
hyalin granule (KHG) complex enveloped a clear cyto- 
plasmic halo around a nucleus which was often crenel- 
lated (Figs 4a and 5a). No other differences were 
detected. In particular, no mitochondrial swelling was 
observed at any level in the epidermis and no lipid 
droplets were seen in the stratum corneum. Further- 
more, numerous MCGs were seen in both specimens 
(Figs 4b and 5b), as well as in control tissue (Fig. 3b). 
MCGs retained their characteristic lamellar appearance 
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and, as with controls, extruded their contents extracellu- 
larly in the stratum granulosum. 


Discussion 


The changes seen by light microscopy in EKV and PSEK 
comprise orthohyperkeratosis, a granular cell layer of 
two to four cells, irregular acanthosis, suprapapillary 
thinning, papillomatosis and a variable dermal! inflam- 
matory infiltrate: there are no consistent features that 
permit a reliable distinction between the two conditions, 
although perinuclear vacuolization and parakeratosis 
have been described in PSEK.*’ In one patient with EKV 
dyskeratotic Darier-like cells containing clumped peri- 
nuclear tonofilaments were found below the stratum 
corneum in normal and involved skin.’ 

With regard to ultrastructural abnormalities, two 
previous reports suggest that MCG (keratinosome) 
numbers are subnormal in the spinous and/or granular 
cell layers of the epidermis in EKV.?'> The number of 
MCGs in one patient was restored to normal after 
isotretinoin therapy.'? This finding is not apparently 
specific for EKV: MCGs were also decreased in one case of 
the Curth—Macklin type of ichthyosis hystrix.'!’ In 
another case of EKV, MCG numbers were normal.'° 

There is only one ultrastructural study of PSEK.” 
MCGs were numerous but granular cells contained 





Figure 3. Normal epidermis displaying relatively discrete tonofilament/KHG complexes (a, arrow). Following conventional fixation MCGs retain their 
characteristic lamellar structure (a, inset) but are difficult to detect at low magnification (a). However, MCGs are evident after secondary fixation with 
imidazole-buffered osmium tetroxide (b. arrows), (a and b: bar=2-0 um; x 8,360. Inset: bar=0+1 pm; x 86,350). 
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Figure 4. Epidermis from Case 1 (J.S.. clinically with EKV) displaying a crenellated nucleus surrounded by a dense tonofilament/KHG complex (a). In 
the conventionally fixed specimen, MCGs are just discernible at low magnification (a, curved arrow) but their lamellar substructure is obvious at 
higher magnification (a, inset). Following imidazole-buffered fixation MCGs are clearly seen, even at low magnification (b, arrows). (a and b: bar = 2-0 


um; x 8,360. Inset: bar=0:1 um; x 86,350). 





Figure 5. Epidermis from case 2 (S.S.. clinically with PSEK) showing a characteristic dense tonofilament/KHG complex forming a halo around the 
nucleus (a, arrow). At high magnification the lamellar structure of MCGs is evident in conventionally fixed specimens (a, inset) but these organelles 
are difficult to detect at low magnification (a), unless exposed to imidazole-buffered osmium tetroxide (b, arrows). (a and b: bar=2:0 um: x 8,360 


Inset: bar=( 1 pm: x 86,350). 


swollen, disrupted mitochondria, and keratinocytes con- 
tained lipid-like vacuoles. These abnormalities were less 
marked after etretinate. 

MCGs are frequently difficult to visualize in conven- 


tionally fixed tissue. This may explain the discrepancies 
in MCG numbers reported for EKV by different 
groups.™!°!* However, in our cases we noted MCGs that 
were morphologically and numerically normal in speci- 


mens from both children following specific enhancement 
of MCGs by imidazole-buffered osmium tetroxide. Mito- 
chondria were normal. 

The children we describe had no other abnormalities 
and, indeed, associated defects are rare. One French- 
Canadian family with EKV showed neurological abnor- 
malities (decreased tendon reflexes, nystagmus, dysarth- 
ria and gait ataxia) in 25 members over five genera- 
tions.?? One patient developed a progressive 
encephalopathy including cerebellar ataxia,?4 and a 
syndrome of EKV with growth retardation, perceptive 
deafness, and peripheral neuropathy has been 
reported.?? PSEK has been described with sensory hear- 
ing loss?? and with pachyonychia.** 

The erythrokeratodermas are usually resistant to 
topical therapy although systemic etretinate or isotreti- 
noin may be effective.8-1525-27 Oral retinoids were not 
tried in our cases. 

We suggest that EKV and PSEK may be different 
manifestations of the same inherited condition, The 
occurrence of each type of erythrokeratoderma in two 
siblings has not been described previously, and given the 
exceptional rarity of the conditions it is unlikely to be due 
to chance. The biopsies from each child were ultrastruc- 
turally indistinguishable and no abnormality was found 
in the numbers or morphology of the MCGs and there 
was no abnormality of the mitochondria. However, a 
prominent tonofilament/keratohyalin granule complex 
was noted around a nucleus which was often crenel- 
lated. This abnormality was present in both pattents. 
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Summary A case is reported of congenital malignant melanoma that occurred in the absence of maternal 
melanoma or a congenital giant naevus. The patient had the melanoma on the left thigh excised 54 
days after birth, but later died at the age of 18 months with multiple metastases. 


Congenital malignant melanoma of the skin represents a 
small subset of melanomas in childhood.'~’ The tumour 
can be acquired from the mother transplacentally or 
may arise in a giant congenital melanocytic naevus. 
Non-metastasizing pigmented tumours in children can 
be microscopically indistinguishable from melanoma 
and have often been misdiagnosed.' We report a case of 
congenital malignant melanoma with metastases that 
occurred in the absence of melanoma in the mother and 
there was no giant congenital naevus in the child. 


Case report 


yn a 





A Japanese boy was born in March 1987 after 37 weeks’ 
Figure 1. Lesion on left thigh at 40 days. 


à Pa 
Si . 


Tr 


Ng _* 
Drar q 


Figure 2. Atypical melanocytes evident 
Ai ' throughout the dermis (haematoxylin and 
Comyn IESE VIVET, ai ean eosin, x 40). 
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Table 1. Congenital metastatic malignant melanoma 
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Survival after diagnosis 
Patent age Location of en 
Author (ref) at diagnosis Sex primary lesion Location of metastasis Death Alive 
Coe* 3 months F Scalp Regponal node 5 months 
Truax and Page*® 9 years F Rught knee Regional node 6 years 
McWhorter and Woolner® 9 years F Ear Local recurrence, 1 year 
regional node 
McWhorter and Woolner® 10 years M Cheek Regional node, femur 6 years 
Brandt’ 16 months M Trunk Widespread metastasis 7 months 
later noted 
Myhre® 14 years M Back Local recurrence, 3 years 
regional node 
Myhre® 10 years F Back Local recurrence, 2 5 years 
regional nodes 
Lyall? 12 months M Tıp of right Regional nodes 2-5 years 
middle finger 
Oldhoff and Koudstaal?° Shortly after birth M Right thigh Local recurrence 10 years 
Lerman et alt! 12 years F Right orbital Local recurrence 17 months 
tissue 
Conu et al.!? 7 days F Left foot Regional node Lost to follow-up 
Stromberg}? 4 months M Left mastoid Regional node 18 years 
process 
Present case 2 months Left thigh Lung, bone, liver, 1-5 years 
skin. 


gestation and together with a biovular twin. His mother 
and twin sister were normal. At birth it was noted that 
there was a dark black macule that measured 22 x 22 
mm on the left thigh with a central red—black nodule 
that measured 7 x 7 x 4 mm. Forty days after birth the 
macule and nodule had increased in size to 25 x 25 mm 
and 15x16x7 mm, respectively (Fig. 1). A biopsy 
showed the tumour to be composed of naevus cells 
extending to the subcutaneous fat. The intradermal 
neoplastic cells were relatively small and uniform, but 
had hyperchromatic nuclei and there were frequent 
mitotic figures (Fig. 2). A diagnosis of malignant mela- 
noma was made. Fifty-four days after birth the tumour 
was excised. 

By the age of 13 months there were multiple metas- 
tases in the lung, bone, liver and skin and chemotherapy 
with dimethyl-triazeno-imidazole carboxamide (DTIC), 
methyl CCNU and vincristine were instituted. However, 
the child died at the age of 18 months with disseminated 
intravascular coagulation. 


Discussion 
Melanoma occurring in childhood is rare and accounts 
for only 0-4% of all cases.’ In a comprehensive review of 


the literature: childhood malignant melanoma was 
divided into three types: congenital transplacentally 
acquired malignant melanoma (type I), malignant with 
onset before puberty (type I) and malignant melanoma 
before puberty arising in a giant congenital melanocytic 
naevus (type M). Similar cases to our own of congenital 
metastatic malignant melanoma have been reported 1 
(Table 1). Of the reported patients that includes our case 
there were seven boys and six girls and all had clinical 
and histological evidence of regional or distant metas- 
tases before adolescence. Eight died from metastatic 
disease and one was lost to follow-up. The remaining 
four patients were free of disease for more than 2 years 
following treatment. 
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Summary 


An infant with congenital hypertrichosis lanuginosa (CHL) and congenital glaucoma is presented. 


Both conditions are rare and have not been previously reported to occur in association. 


Case report 


This male infant was born in April 1990, after a normal 
pregnancy and delivery. His mother had not taken any 
medication or supplementary preparations during the 
pregnancy. He had a birth weight of 2:99 kg and normal 
Apgar scores. 

On examination he had a profuse growth of long 
blond, silky hair covering most of his body (Fig. 1), 
including the face, ears, trunk, genitalia and limbs, with 
sparing of the palms, soles and mucous membranes. It 
was most dense around the external auditory canals and 
over the sacrum. The scalp, eyebrow and eyelash hair 
was unremarkable, being slightly darker and coarser 
and blending with the silky hair at the margins of the 
hairlines. In addition, he had a clouded right cornea and 
there was a suspicion of left-sided microphthalmos. 
There were no other congenital defects and his mouth 
and nails were normal. The length, weight and head 
circumference were around the 50th percentiles. A 
general examination, including assessment of respira- 
tory, cardiovascular and neurological systems, was 
normal. 

He was the second infant of healthy, unrelated 
Caucasian parents. His sibling, a 23-year-old male, was 
well; both the father and brother were reported to have 
been hairy at birth, although this was not considered 
abnormal. Recent examination of both showed only a 
mild increase in body hair of normal appearance. There 
was no history of eye disease in either of his parents 
families. 


Progress 
There were no immediate neonatal problems. He was 
Correspondence: Dr John Harper, Department of Dermatology, The 
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vigorous and fed well. At the age of 10 days he was 
examined under ketamine general anaesthetic as it does 
not spuriously lower the intraocular pressure, as may 
halothane. Abnormalities were found in both eyes. In 
the right eye the cornea was oedematous. At the 
pupillary margin the posterior pigmented layer of the iris 
was turned outward (ectropion uveae) with ovalling of 
the pupil and adhesions of the peripheral iris to the back 
of the cornea (anterior synechlae). The intraocular 
pressure was raised at 27 mmHg, as measured by 
applanation tonometry. The corneal diameter was 11 
mm in the right eye and 10 mm in the left eye (Fig. 2). 

In the left eye the iris was also abnormal with 
ectropion uveae (Fig. 3) and obvious transillumination 
when a light was shone in the eye. The posterior 
termination of the basement membrane of the corneal 
endothelium was visible (posterior embryotoxon), a 
feature which is found in association with maldevelop- 
ment of the anterior segment of the eye. However, the 
cornea was clear and the tntraocular pressure was 
normal at 17 mmHg. 


Management 


Full general anaesthesia was induced and a trabeculo- 
tomy was performed. This involved making a small 
incision externally and passing a probe through the 
canal of Schlemm, breaking through the abnormal 
trabecular meshwork into the eye. A thick fibrous band 
of tissue was encountered over the trabecular meshwork 
and was divided. 

He was examined again under general anaesthesia at 
the age of 1 month and again at 3 months, when the 
right eye was found to have responded well to treatment. 
The intraocular pressure was 17 mmHg and the cornea 
had cleared considerably. Iris transillumination was also 
present in this eye. Examination of the anterior chamber 
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Figure 1. Generalized hypertrichosis lanuginosa at 6 weeks of age 





Figure 2. Right eve with raised intraocular pressure is larger than the 


left eve 
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Figure 3. Left eye with normal intraocular pressure but showing 


abnormal features such as ectropion uveae (EU) and posterior 


embrvotoxon (PI 


angle using a contact lens (gonioscopy) revealed an 
abnormally developed angle with an open cleft where 
the trabeculotomy had been performed. Patching of the 
left eye was commenced to reduce the risk of amblyopia 
in the right eye. 

Over the ensuing 6 months he fed well, gained weight 
appropriately and developed normally. The hypertricho- 
sis persisted, but was less prominent over the face and 
dorsa of the hands and feet. Regular trimming of the 
periaural, perinasal and perianal hair was performed to 
prevent matting 


Discussion 


Hypertrichosis is the excessive growth of body hair in a 
normal distribution for the patient's race, age and sex. It 
differs from hirsutism which is the excessive growth of 
coarse terminal hair in a female, but distributed in a male 
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sexual pattern. CHL, also known as hypertrichosis 
universalis lanuginosa, is a rare genetic disorder which 
has been reported to occur in all races. The first 
description of the condition appeared in the German 
literature in the 1870s! and by 1969, 32 cases had been 
reported. However, many of these individuals differed in 
time of onset, evolution and distribution of the hypertri- 
chosis, and some may have been related to genetic 
syndromes or maternal illness. 

In contrast to other causes of hypertrichosis, newborn 
infants with CHL have blond, silky lanugo hair affecting 
all areas except for those sites without hair follicles such 
as the palms and soles. The lanugo hair may reach a 
length of 10 cm and blends with the darker terminal 
hairs at the scalp and eyebrows. A common feature is a 
prominent ridged concentration of hair over the dorsal 
and lumbosacral spines and matted whorls around the 
pinnae, preauricular areas and sacrum. 

A case report in 1970 by Beighton? of a boy with CHL, 
born in 1962, described him as having an excess growth 
of thick, dark scalp and eyebrow hair at birth, but noted 
that generalized hypertrichosis only became apparent 
during infancy, so that by the age of 4 he was covered 
with fine lanugo-like hair. In late childhood truncal and 
limb hypertrichosis diminished but shaving and depila- 
tory creams were needed to reduce facial hairs. His father 
was reported to have been unduly hairy in infancy but in 
adult life had only focal increase in eyebrow and eyelash 
hair. In a separate report by Suskind? in 1971, of what 
appears to be the same patient, the infant is said to have 
had a striking amount of lanugo hair over the face and 
forearms and a progressive dense growth of golden 
yellow hair over the trunk, which reached its maximum 
at 2 years. Freire-Maia et al.* described a mother and son 
with hypertrichosis lanuginosa where the mother’s 
disorder was more suggestive of hirsutism. The 16-year- 
old son had severe hypertrichosis and photophobia of 
unknown cause and he also had pubertal delay and 
short stature. There is no record of their appearance at 
birth or throughout childhood. Partridge*® reported a 
female infant who had extensive CHL at birth and whose 
appearance was similar to our patient. She had a single 
precocious tooth and developed pyloric stenosis at 5 
weeks of age. Her father and other members of his family 
were said to have had hypertrichosis and precocious 
teeth at birth. The index case was shaved regularly up to 
the age of 9 months, when it was apparent that the body 
was spontaneously shedding. 

These and other reports suggest that CHL is transmit- 


ted as an autosomal dominant trait, but it is difficult to 
ascertain whether all these cases represent the one 
disease. It would be preferable to confine the diagnostic 
label of CHL to those patients whose extensive and 
excessively long lanugo body hair is present at birth and 
affects all the usual hatr-bearing areas of skin. The 
outcome is variable, with many authors reporting 
spontaneous loss of most of the abnormal hair in 
childhood while others refer to persistence and even 
progressive increase of hypertrichosis in adult life. In our 
patient, there has been a significant improvement 
during the first 6 months. 

Developmental glaucoma has been associated with 
various dental and skeletal malformations: hypo- or 
adontia, facial anomalies such as hypertelorism, telecan- 
thus, broad flat nose and maxillary hypoplasia. These 
congenital defects are thought to be due to abnormal 
neural crest cell-directed development. However, the 
association between glaucoma and CHL has not been 
reported. The early identification and treatment of 
glaucoma is important as the results of primary surgery 
are good.’ Following his successful surgery, this patient 
will need to be closely followed up for the rest of his life as 
he ts at risk of developing a recurrence of raised 
intraocular pressure in the right eye and in the abnormal 
left eye. 
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Summary 


A case is reported of a 35-year-old woman with a 22-year history of systemic lupus erythematosus 


(SLE) who later developed a blistering eruption compatible with the diagnosts of linear IgA disease. 


Since 1979 linear IgA disease has been differentiated as 
a distinct entity from that of dermatitis herpetiformis by 
the homogeneous linear deposition of IgA at the base- 
ment membrane zone (BMZ) of the epidermis and with a 
lack of an associated gluten-dependent enteropathy.}~? 


Case report 


A 35-year-old woman had from the age of 13 a history of 
intermittent arthralgia, fever and anaemia. She was 
diagnosed as having systemic lupus erythematosus and 
in April 1985 she was seen at the Mannheim Clinic with 
fever and having had a haemoptysis. A perimyocarditis 
and pericardial effusion with an alveolitis and bilateral 
pleural effusions were present, and 5 days after admis- 
ston she developed an erythematous rash on the trunk 
and thighs with several blisters on the right thigh. 
Vesicles later appeared on the buccal mucous membrane 
and on the tongue. Oedema of both legs and purpura was 
associated with a vasculitis and a thrombocytopenia. 
Anti-DNA antibodies and antinuclear antibodies in a 
titre of 1:640 were present. The serological findings 
were compatible with a diagnosis of systemic lupus 
erythematosus (SLE). 

The patient was initially treated with 100 mg predni- 
sone daily and with an improvement of the symptoms 
the dose was reduced to 60 mg daily and she was then 
discharged from hospital. She remained well over the 
next 4 years until March 1989, when the dose of 
prednisone was reduced further to 2:5 mg daily. In mid- 
July 1989 she developed blisters in itchy areas of 
erythema on the abdomen and thighs. She later had an 
arthralgia with fever and diarrhoea and was admitted to 
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hospital in Heidelberg. She was pyrextal and there were 
urticated areas of erythema and large tense blisters 
arranged in a herpetiform manner on her abdomen and 
left thigh (Fig. 1). There was no involvement of the 
mucous membranes. 


Laboratory investigations 


Haemoglobin was 11:7 g/dl, WBC 24:9 x 10°/, with 
50% neutrophils, 36% lymphocytes, 6% monocytes, 2% 
atypical lymphocytes. The platelet count was 451,000/ 
ml and the ESR was 37 mm/h. The serum immuno- 
globulins were IgG 20-5 g/l, IgA 2:14 g/l and IgM 2-25 
g/l. Echocardiography revealed a small pericardial effu- 
ston and there was also a small left-sided pleural 
diffusion. 


Histopathology 


A skin biopsy from the medial aspect of the thigh showed 
a subepidermal bulla, the lumen of which was filled with 
fibrinoid material and inflammatory cells that consisted 
mainly of lymphocytes and eosinophils (Fig. 2). There 
was a marked lymphohistiocytic infiltration of the upper 
dermis with numerous eosinophils and a perivascular- 
mixed infiltrate in the dermis. 


Immunopathology 


Four separate skin biopsies were examined by direct 
immunofluorescence (DIF) and the findings are shown 
in Table 1. In all four biopsies there was a homogeneous 
linear deposition of IgA at the dermo-epidermal junction 
zone (Fig. 3), This was most intense in the biopsy taken of 
a fresh lesion from non-sun-exposed skin and showed 
only subclass IgA1. In the lesional non-sun-exposed skin 
there was also an additional faint homogeneous deposi- 


Figure 1. Vesiculobullous eruptions on the 
medial aspect of the thigh. 


tion of IgM at the BMZ. This was confirmed using the 
more sensitive APAAP method.* 

The BMZ showed deposits of C4d, C3b, C3d in an 
unusual pattern with involvement of the epidermal 
basal layer (Fig. 4). The capillaries in lesional skin from 
the papillary dermis showed deposits of C4d, C3d (Fig. 4). 
C5 and C9 together with focal deposits of fibrin in the 
upper dermis away from the BMZ. 

The serum of the patient was screened for autoanti- 
bodies and the only significant finding was the presence 
of IgA autoantibodies to the BMZ using monkey oeso- 
phagus and in a titre of 1 : 5. The presence of circulating 


Figure 2. Cryostat section of subepidermal 
bulla in lesional sun-exposed skin showing a 
large leucocytic infiltration in the upper 
dermis consisting largely of eosinophilic 
granulocytes (Haematoxylin and eosin, 

x 100; insert x 400). 
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IgA antibodies directed to the BMZ was contirmed on 
cryostat sections of human skin.’ A high titre of 1:20 
was found. The bound IgA was localized in the split skin 
exclusively to the epidermal side (Fig. 5). An identical 
pattern was obtained with the serum from another 
patient with linear IgA disease. The HLA haplotypes of 
our patient were A23, A24, B35, B57, Cw4 and Cw7. 


Progress 


Our patient was treated with prednisone at a dosage of 
50 mg daily for 1 week with some improvement of her 
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Biopsy Histology IgG IgM IgA 

LNEX No bulla or cleft. (+) 
multiple dense foci BMZ 
of infiltrating cells 
in upper dermis 

LEX Subepidermal blister. (+) 
multiple dense peri- l&c 
vascular foci of in- BMZ 
filtrating cells in 
upper dermis 

NEX Few perivascular — (+) 
foci of infiltrating l&d 
cells, in upper dermis BMZ 
only 

NNEX Few discrete - (+) 
perivascular cellular l&d 
infiltrations, in upper BMZ 


dermis only 


Table 1. DIF findings in four biopsies from 
C3d different sites 


t 
BMZ 
ICS of BK, PAPCA 


4 
pseudolinear 
BMZ. ICS of BK 


l&c 
BMZ 
ICS of BK 


ŘS 


LEX, lesional, sun-exposed; LNEX, lesional, non sun-exposed; NEX. normal, sun-exposed: NNEX, 


normal, non sun-exposed; ICS, intercellular space; BK, basal keratinocytes; PAPCA, papillary 


capillaries: I&c, linear and continuous: I&d. linear and discontinuous; linear, sharply detined 


deposits: pseudo linear. homogeneous, but ill-defined deposits along the DEJ. 





Figure 3. Homogeneous linear deposition of IgA at the BMZ in lesional. 
non-sun-exposed skin as revealed by DIF ( x 250). 


general symptoms and slight improvement of her skin 
eruptions. On stopping prednisone new blisters occurred 
and with the findings from DIF she was then treated with 
topical corticosteroids and 100 mg daily of dapsone. 
Within 1 week there was a marked improvement of her 
skin lesions and she was discharged from hospital. 
Several weeks later she had blisters on the buccal 
mucous membrane and stopped taking the dapsone and 
resumed treating herself with prednisone. Since then she 
has been lost to follow up. 


Figure 4. DIF of lesional non-sun-exposed skin, with C3d deposited at 
the BMZ and in the intercellular space of basal and suprabasal 
keratinocytes ( x 250), 


Discussion 


Our patient meets the criteria of the ARA” for SLE with 
an arthritis, polyserositis, coagulation disorder, throm- 
bocytopenia, with ANF and antibodies against ds-DNA. 
The patient also had linear IgA disease with no evidence 
of a gluten enteropathy. The histology of the skin 
biopsies confirmed the diagnosis of linear IgA disease 
with a linear and homogeneous deposition of IgA at the 
dermo-epidermal junction, quite distinct from the IgA 





Figure 5. Human split skin incubated with the patient's serum diluted 
|: 10, IgA is localized to the epidermal side ( » 400) 


pattern occasionally seen in SLE. In addition there was 
IgM deposition as has been previously reported in linear 
IgA disease.” We found circulating antibodies that 
reacted to the epidermal portion of the basement 
membrane zone in split skin as has been reported in 
other cases of linear IgA disease.*”:'’ These have 
recently been shown to react only with the epidermal 
basement zone of split skin and to recognize a 97-kDa 
antigen in dermal and epidermal extracts.'' However, 
we obtained epidermal binding on split-skin substrate 
with our patient's serum, but could not tind any binding 
to the linear IgA disease antigen. This may be due to a 


relatively low titre of the antibody.'' The haplotype of 


our patient did not demonstrate HLA-BS as found in 80 
90% of patients with dermatitis herpetiformis and up to 
30%, of patients with linear IgA disease. '- 

Due to our patient's habit of taking prednisone for 
years without medical control or advice it was difficult to 
assess how effective dapsone was. It did appear to have 
some effect in reducing the blistering of her skin 
although it had little or no effect on the lesions of the 
buccal mucous membrane, which could be attributed to 
the concurrent SLE, Patients with bullous SLE may 
respond dramatically to dapsone or sulphapyridine, 
particularly those with circulating BMZ antibodies.'*'" 
Those patients without antibodies divide into responders 


12 17-20) i} 4 


to dapsone and those who do _ not.'®!°-!- 
Bullous eruptions in SLE are an uncommon manifes- 


tation of the disease rather than a co-existing indepen- 


dent bullous dermatosis. There have been four reports of 


the concurrence of SLE with a bullous dermatosis in the 


past two decades. In the light of recent findings a case of 


epidermolysis bullosa acquisita with a superimposed SLE 
where the clinical criteria for both SLE and EBA were met 
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deserves attention**. In that case EBA preceded the onset 
of SLE by 5 years. 

Two reports concerning SLE and concurrent DH have 
been published.-*-° The only publication to date con- 
cerning concurrent SLE and linear IgA disease~’ was ol a 
patient with SLE who later developed a rash compatible 
with dermatitis herpetiformis and the skin histology was 
typical for this disorder. However, DIF showed a strong 
linear deposition of IgA in the normal and involved skin, 
with faint immunoreactivity for lgG and IgM. This 
patient had no evidence of a gluten enteropathy or othe 
circulating antibodies and did not have the HLA-BS 
haplotype. The skin lesions in this patient did not 
respond well to corticosteroids but responded dramati- 
cally to dapsone. 

This report is the second since 1983 of a patient with 
concurrent SLE and linear IgA disease. We were also able 
to demonstrate circulating BMZ antibodies in our 
patient. 
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Comment 


Cosmetics and drugs. Is there a need for a third group: 
cosmeceutics? 


Several skin conditions that were originally treated with 
cosmetics, such as male pattern baldness, dandruff and skin 
ageing wrinkles, are now considered to be treatable skin 
diseases. There is however a risk that pharmaceutically active 
products that have a greater risk of side-effects are bemg 
recommended for cosmetic use. 

According to the Federal Food Drug and Cosmetic Act 
(FD&C) a cosmetic is defined as ‘an article intended to be 
applied to the human body... for cleansing, beautifying, 
promoting attractiveness, or altering the appearance without 
affecting the body's structure or function.’ The definition as 
used by the EEC is similar, but the phrase ‘without affecting the 
body’s structure or function’ is not included.” A drug ts defined 
by the FD&C as ‘an article intended for use in the diagnosis, 
cure, mitigation, treatment or prevention of disease... (or) 
intended to affect the structure or any function of the body’! 
From these definitions it can be concluded that the nature of 
the product, whether a drug or a cosmetic, is determined by the 
statements on the label about the intended use of the product. 
The manufacturer marketing the product makes the initial step 
in determining its nature and the licencing agency will have to 
determined whether the proposed status of the product is 
correct. 

Both in the United States and in EEC countries there are strict 
regulations concerning cosmetic products which may not 
cause damage to health or contain harmful substances.? 
However, the FD&C Act does not require, but strongly urges, 
that the manufacturers or marketers of cosmetics should test 
their products for safety. A cosmetic company may use any raw 
material as a cosmetic ingredient on its own responsibility 
apart from colour additives and a few ingredients that are 
prohibited. In the United States the entire formula for cosmetic 
products has to be displayed, but in the EEC such precise 
labelling is not obligatory. At present there is a proposal for a 
_ sixth amendment of the 1976 Cosmetic Directive of the EEC 
and the aim of this is to produce a list of all products that can be 
used in cosmetics and which have been tested for their safety. 
In the past, unwanted local and systemic side-effects have led 
to the withdrawal of some cosmetics or their ingredients. An 
example was the epidemic of photoallergic reactions due to 
halogenated salicylanilides and related compounds in 1960 
and 1961.* When these were prohibited there was a rapid 
decline tn this photocontact dermatitis.4 An example of 
systemic side-effects was the use of hexachlorophene-contain- 
ing cosmetic products which were responsible for the death of 
36 babies tn France in 1972, and as a consequence hexachlor- 
ophene was restricted for prescription use only.° 

When new cosmetic products with a marked pharmaceuti- 
cal activity are being developed, the possibility of systemic side- 
effects has to be considered. This was seen with topical 
minoxidil used in the treatment of androgenetic alopecia. In a 
randomized double-blind placebo-controlled study with two 
parallel groups, no change of blood pressure was observed in 
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the group treated with topical minoxidil, but the heart rate, the 
cardiac output and left ventricular mass increased in this 
group.° The topical form of minoxidil was approved by the FDA 
and is licenced for use in the treatment of androgenetic 
alopecia.’ The topical application of trans-retinoic acid serves 
as another example where systemic side-effects and pharma- 
ceutical activity have to be considered. This drug is advocated 
for the prevention and treatment of photoageing but as a 
retinoid is teratogenic.® There is increasing evidence about the 
efficacy of topical retinoin in the prevention and treatment of 
photoageing,?'° but to our knowledge there is no conclusive 
data to exclude a teratogenic effect from its topical application 
on human skin. Recently there was evidence for the percuta- 
neous absorption of isotretinoin from photo-tsomeration of 
topical tretinoin.: In many countries, the topical application 
form of trans-retinoic acid is regarded as, and marketed as, a 
cosmetic. When an effect on photoaged skin is shown, this 
product could be regarded as a drug and in that situation 
photoaged skin as a pathological condition. However, at 
present both minoxidil and retinoic acid are included on the 
restricted EEC list of cosmetic items numbers 373 and 374. 

Sunscreens are somewhat different although theoretically 
unlimited use can suppress vitamin D; production.!? Neverthe- 
less, sunscreens are considered in most European countries to 
be cosmetics. 

We suggest a separate group of products that are neither 
pure drugs nor cosmetics and which would be called ‘cosme- 
ceutics’. These may have little pharmaceutical activity and 
potential side-effects and would be prescribed for what would 
be considered to be traditional cosmetic indications. Both 
topical minoxidil and trans-retinoic acid could be examples of 
cosmeceutics. 

In the U.S.A. most of these products such as anti-dandruff 
shampoos, anticaries toothpaste, sunscreens and antiperspir- 
ants are over-the-counter drugs (OTC).® In the EEC the 
situation is more complex, and the criteria for drug delivery 
being prescription only (PO) as against OTC varies from one 
member state to another. At present there is a directive being 
prepared to define the legal status for the supply of drugs for 
human use by PO as against OTC. 

In conclusion, it is likely that in the field of cosmetics, new 
pharmacologically active compounds will be found and the 
distinction between drugs and cosmetics will become increas- 
ingly more blurred. We propose that products that are intended 
to be used for traditional cosmetic indications and which have 
little pharmaceutical activity and potential side-effects should 
be termed cosmeceutics. The efficacy of these products should 
be assessed in well defined and performed studies. The 
requirements for these studies as regards the assessment of 
side-effects should be as strict as those for the assessment of 
drugs. 
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Reduced therapeutic effect of warfarin caused by etretinate 


Sirk, Etretinate, an aromatic analogue of retinoic acid is an 
established therapy for psoriasis. It may also be indicated in a 
number of other skin conditions including cutaneous T-cell 
lymphoma, when it is often used in combination with 
photochemotherapy (PUVA).' We report a patient with T-cell 
lymphoma on warfarin who was started on etretinate and 
required a significant increase in coumarin dosage to be 
adequately anticoagulated. This interaction has not been 
previously described. 

A 63-year-old man presented in December 1989 with dry 
mouth and eyes, polyarthropathy. fever, widespread lympha- 
denopathy. hepatosplenomegaly and a generalized erythema- 
tous papular rash. A skin biopsy showed a perivascular T-cell 
infiltrate and an axillary node biopsy showed evidence of a T- 
cell lymphoma. 

He initially responded well to six courses of cyclophospha- 
mide, adriamycin, vincristine and prednisolone. The rash, 
however, became nodular with severe pruritus and he was 
admitted and treated with prednisolone 25 mg daily and 
PUVA. He was started on tolbutamide because of hyperglycae- 
mia (blood glucose 25 mmol/l). Shortly after admission he 
developed pleuritic chest pain and a ventilation-perfusion scan 
showed a mismatch consistent with pulmonary embolism. He 
was heparinized and warfarin was started. After 14 days he 
was adequately anticoagulated on 7 mg wartarin daily (Fig. 1). 
Three weeks after admission he was started on etretinate 40 
mg daily which was followed by a significant reduction in the 
international normalised ratio (INR) to a non-therapeutic 
level. An increase in warfarin to 10 mg was necessary to 
resume adequate anticoagulation. Liver function tests were 
normal throughout this period. 

To our knowledge, no interaction between etretinate and 
warfarin has been described. Hartmann et al.’ studied the 
interaction of acitretin, a metabolite of etretinate, and phen- 
procoumon, a coumarin, in healthy volunteers. They con- 
cluded that acitretin did not significantly affect the anticoagu- 
lant action of phenprocoumon. In our patient an increase in 
dose of warfarin was necessary to reestablish an adequate INR 
after etretinate was started. Other potentially interacting drugs 
(tolbutamide, 8-methoxypsoralen, prednisolone, bromphenir- 
amine and cimetidine) were started soon after admission, 3 
weeks before starting etretinate. Coproxamol (paracetamol 
325 mg and dextropropoxyphene 32:5 mg) two tablets four 
times per day. was started 3 days after the etretinate. This drug, 
however, has been shown to potentiate the therapeutic effect of 
warfarin, probably due to competition between propoxyphene 
and warfarin for hepatic microsomal enzymes. * 

The cause of this warfarin-etretinate interaction is not 
known. Studies in rats have shown some induction of hepatic 
mixed-function monoxygenase by etretinate* and it is possible 
this has caused an increased rate of metabolism of warfarin in 
this case. The INR should be closely monitored in patients on 
warfarin who are started on, or have a change in their dose of 
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Figure 1. Drug treatment and INR during admission. 


etretinate. With the increasing use of etretinate it is important 
to be aware of this potentially serious interaction with 
warfarin. 
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Fatty liver following isotretinoin therapy 


Sır, Although hepatotoxic reactions following treatment with 
etretinate are well documented’ they are claimed not to occur 
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with isotretinoin.* We report the development of extensive 
steatosis of the liver following a course of isotretinoin for the 
treatment of acne. 

The patient presented at the age of 18 with a 6-year history 
of acne affecting his face, chest and back. It was unresponsive 
to oxytetracycline 1 g daly. He was otherwise well, was not 
taking any other medication and he drank one pint of cider per 
week. His hobby was weightlifting but he was not taking any 
performance-enhancing drugs other than desiccated liver 
tablets (Super Body Power—Healthilife Health Products). 
These contain desiccated ox liver and edible bone phosphate. 
He had no history of blood transfustons, contact with jaundice 
or travel abroad. He denied solvent abuse. There was no family 
history of liver disease. 

On examination he had nodulocystic acne affecting his face, 
chest and back. Although weighing 95 kg he was 1-87 m tall 
and muscular. His fasting lipids and liver function tests were 
found to be normal (bilirubm, alanine ammotransferase, 
alkaline phosphatase) and he was started on a 4-month course 
of isotretinoin 40 mg daily (0:5 mg/kg). His acne resolved but 
his serum alanine aminotransferase (ALT) was found to be 
increased (134 u/l; normal range 7-46 u/}) at the end of the 
course. Bilirubin, alkaline phosphatase, gamma GT, hepatitis B 
antigen and autoantibody screen were all normal or negative. 
His ALT remained elevated for 6 months and a liver blopsy was 
carried out. This showed severe generalized steatosis of 
macrovesicular type with mild non-specific reactive tnflamma- 
tory changes. A radioisotope scan showed slight hepatomegaly 
with even uptake. Other causes of hepatic steatosis were 
considered. He was not obese and a glucose tolerance test was 
normal. Alpha-l-antitrypsin levels were persistently at or 
below the lower limit of normal although his alpha-1- 
antitrypsin phenotype was heterozygote (PiMS) and typical 
diastase-resistant granules were not found in the liver biopsy. 
Over the subsequent 18 months, serum ALT remained elevated 
at 88-101 u/l. 

Isotretinoin has been described as being devoid of significant 
hepatotoxicity’? and we could find no published reports of such 
an effect. Only mild elevations of liver enzymes in 10% of 
patients have been reported with isotretinoin.*° In the latter 
study the mean datly dose was 109 mg and mean duration of 
treatment was 150 days. The present case had a daily dose of 
less than half of this (40 mg) and duration of treatment was 
112 days. However, one patient (personal communication, 
Roche Products Limited) developed abnormal liver function 
tests following a 5-month course of an unknown dosage of 
isotretinoin. Liver function returned to normal when the drug 
was stopped but became abnormal again after a further 3 
months on the drug. Liver function failed to return to normal 
18 months after stopping the drug and a liver btopsy revealed a 
mild chronic hepatitis with some fat. 

Our patient’s liver function has failed to improve over the 20 
months since the drug was stopped. The low dose of isotrett- 
noin suggests an idiosyncratic rather than toxic reaction. In 
view of this possibilty, the observation of a phenotype 
associated with low-normal levels of a-l-antitrypsin is of 
interest. It may be postulated that this could render an 
individual more susceptible to such a reaction and could be 


related to the persistance of the hepatic abnormality after the 
drug was withdrawn. It should be noted that this phenotype is 
not rare, occurring in 9% of the U.K. population.’ Unlike the 
PIMZ phenotype, it has not been associated with liver disease. 

In view of the temporal relationship between the onset of the 
course of isotretinoin and the appearance of abnormal liver 
function, it is possible that isotretinoin in assoctation with low- 
normal levels of a-l-antitrypsin may have been responsible. 
This observation suggests that monitoring of serum ALT 
concentrations should be undertaken during isotretinoin 
therapy. 
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Pathogenesis of in-vivo antinuclear antibodies of the skin 


Sm, Deposits of IgG can be observed in the nuclei of epidermal 
cells In skin biopsies taken from various systemic connective 
tissue disorders (SCTD). As passive diffusion of circulating 
antinuclear antibodies into living cells is unlikely, an artefact 
has been suspected! and this phenomenon has concerned 
many investigators.7+ Recent studies have given some insight 
into the pathophysiological mechanisms that may be 
involved.>¢ 


In a retrospective study of biopsies of skin from 244 patients 
with various SCTD, we found the presence of in-vivo anti- 
nuclear antibodies was significantly associated with antibodies 
in the serum against the non-histone nucleoproteins (QHNPs: 
McNemar's test, P<0-05), but not with anti-dsDNA anti- 
bodies. Because both anti-dsDNA and anti-nHNP antibodies 
can bind to epidermal cell nuclei in sections of human skin, 
such an association cannot be explained if the in-vivo ANA is 
caused by passive diffusion during the incubation of the 
sections. A special type of in-vivo deposition of IgG in both the 
nucleus and cytoplasm was first observed in the skin of patients 
with primary Sjégren’s syndrome and was statistically asso- 
ciated with serum antibodies against SSA/Ro and SSB/La 
(Fisher's exact test, P< 0-05), This pattern was also later seen 
in patients with lupus erythematosus and who had monospeci- 
tic antibodies against SSA/Ro.” 


These findings indicate that in-vivo antinuclear antibodies of 


the skin are not disease-specific but an nHNP antibody-specific 
phenomenon, which probably represents the localization of the 
respective antigens in epidermal cells. It was observed using 
cultures and suspensions of human keratinocytes that anti- 
nHNP antibodies, but not anti-dsDNA antibodies, are bound to 
the outer membrane of the cells and these findings agree with 
those observed in the skin biopsies.’ We suggest that 
antibodies against nHNP bind in vivo to the outer membrane of 
keratinocytes, and then are actively incorporated into the cell 
with their respective antigens, 
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Kerion masquerading as erosive pustular dermatosis of the 
scalp 


` 
\ Ni | 
Figure 1. Appearance of the scalp eruption at presentation showing 
large pustules with scarring alopecia. 





Sir, Erosive pustular dermatosis of the scalp as described by Pye 
et al.’ lacks pathognomonic clinical or pathological features 
and the diagnosis rests on the exclusion of other dermatoses. 
We report a recent case which illustrates the need for rigour in 
the exclusion of a dermatophyte infection before the diagnosis 
is made of erosive pustular dermatosis of the scalp. 

A 76-year-old woman was referred with a 6-month history 
of a painful scalp eruption with extensive plaques of erythema 
and crusting as well as eroded areas with pustule formation 
(Fig. 1). She suffered from longstanding rheumatoid arthritis 
and was taking prednisolone 5 mg daily. She was also on 
cimetidine 200 mg b.d. for a duodenal ulcer that she had 4 
vears earlier. The clinical appearances were suspicious of a 
chronic fungal infection of the scalp, but Wood's light 
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examination was negative and repeated examinations of 
potassium hydroxide preparations of scrapings from the scaly 
areas and of hairs were negative for fungal mycelia and spores. 
Staphylococus aureus was isolated from a scalp swab and she 
was treated with flucoxacillin 250 mg q.d.s. and muptrocin 
ointment with some improvement after 2 weeks. A scalp biopsy 
showed features of an erosive pustular dermatosis with 
superinfection by bacteria, but cultures for fungus were 
negative on two occasions. 

Over the next 3 months, the scalp condition deteriorated 
with extension of the scarring alopecia. A further specimen of 
scalp crust, however, revealed on culture a growth of Micros- 
porum canis and she was commenced on treatment with 
griseofulvin 500 mg b.d. Within 6 weeks there was dramatic 
improvement with complete clearing of the eroded and 
pustular lesions although she had an extensive residual 
scarring alopecia. 

Mycological proof of scalp ringworm infection is not always 
easy to obtain and in one reported series, 30% of cases were 
culture negative.? The difficulty in isolating the pathogenetic 
fungus in this case leads us to suggest that erosive pustular 
dermatosis of scalp should not be diagnosed without a trial of 
griseofulvin which continues to be the agent of choice for 
treatment of kerion.* 
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Venous ulceration and free radicals 


Sm, The cause of venous ulceration remains unproven. Skin 
hypoxia resulting from pericapillary fibrin cuffs has been the 
favoured theory since its proposal by Browse and Burnand in 
1982.) Dissenters point out that although fibrin cuffs exist, the 
evidence that they act as a diffusion barrier to the movement of 
oxygen is tenuous, resting as it does largely on the vagaries of 
transcutaneous oxygen measurement. They point to the fact 
that white cells are sequestrated in the leg when venous 
pressure is raised? and that the number of capillary loops visible 
on capillary microscopy of the gaiter region falls in venous 


patients when the limb is dependent.* These findings suggest 
that the capillaries may become occluded with leucocytes, 
which are activated as a result and cause enzymatic and free- 
radical damage to surrounding tissues. The two theories are 
not, of course, mutually incompatible; developments in our 
knowledge of free-radical chemistry suggest a third mecha- 
nism which may also be at work in venous disease. 

The hydroxyl radical (OH:) is the most reactive free radical 
known. One of its princtpal sources in living systems is from 
iron, via the Fenton reaction: 


Fet + H,02-+Fe?+ +OH: +OH-. 


In health, most tron in the body ts protein-bound and 
unavailable to take part in this reaction. In venous hyperten- 
sion, there is emigration of erythrocytes into the interstitium 
through widened inter-endothelial pores and this has been 
demonstrated by electron muicroscopy.* Haemoglobin from 
lysed red cells is capable of releasing its iron in the presence of 
hydrogen peroxide,’ which is formed when white cells are 
activated, and is capable of crossing cell membranes easily. 
Thus the following chain of events can be postulated: raised 
venous pressure leads to red cell extravasation. Haemoglobin 
from degraded erythrocytes releases iron which acts as a 
substrate for the Fenton reaction: H202 is supplied from white 
cells which have been activated by contact with endothelium. 
The two combine to generate OH: radicals. These cause local 
lipid peroxidation, leading to an inflammatory response. The 
attracted white cells generate further free-radical formation as 
a result of degranulation; this causes more lipid peroxidation, 
an increasing neutrophil response and a self-perpetuating 
cycle of tissue damage. 

Such an hypothesis is complimetary to the activated white 
cell theory of venous ulcer pathogenesis, as it provides a 
mechanism by which the inflammatory response may be 
initiated. We are currently evaluating free-radical activity in 
venous patients; if fruitful, it will allow the possibility of 
scavenging agents being used therapeutically. 
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Treatment of Merkel cell tumour with interferon-2-2b 


Sm, Interferons have been used in the treatment of viral 
papillomas, HIV-associated Kaposi’s sarcoma, inflammatory 
dermatoses and cutaneous tumours.' We report a case of a 
Merkel cell tumour that was treated with interferon-a-2b 
(IFN). 
_ An 85-year-old man had a subcutaneous mass ın his right 
leg excised in March 1987 and the histology and tmmunohis- 
tochemistry were typical for that of a Merkel cell tumour. Post- 
operatively he received radiotherapy, but the tumour recurred 
and in December 1987 a further excision was performed. The 
patient later returned in March 1988 with a recurrent mass 
that measured 3x3 cm and following exctsion, he had a 
course of superficial radiotherapy. There was a further recur- 
rence along the excision margin in May 1988. He was then 
treated with IFN (Intron A) receiving 3x10° U subcuta- 
neously three times a week. The tumour became softer after 1 
month and disappeared after 3 months. Subsequently there 
has been no recurrence with 1 year of follow up. 

Merkel cell tumour is a rare but aggressive form of skin 
cancer and there is a high rate of recurrence of 35-40% within 
a year of diagnosis.*? Locally recurrent lesions have been 
treated with variable success with further excision, ampu- 
tation, radiation and chemotherapy.?? The advanced age and 
the poor health of many of the patients preclude the routine use 
of cytotoxic drug therapy. This case report suggests that IFN 
may: produce a relatively long remission m the treatment of 
Merkel cell tumour. 
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Alopecia areata and topical sensitizers: allergic response is 
necessary, but irritation is not 


Sm,We read with interest the letter concerning alopecia areata 
treated with diphencyprone (DPC)' and agree that the elici- 
tation of an allergic reaction after the application of DPC is an 
integral part of successful treatment. However, confusion can 
arise when a distinction is not clearly made between irritation 
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and an allergic response. Good therapeutic results are often 
obtained in the treatment of alopecia areata when low 
concentrations of an allergen are used and without symptoms 
and signs of writation.? Treatment with irritants has proved 
unsuccessful.>° With the 15 patients with alopecia areata who 
did not respond to DPC! the lack of success could be related to 
the short duration of therapy. A course of therapy lasting 20 
weeks is too short for patients treated with topical sensitizers 
because the response can occur after 10 months® or even 
longer.”’® This is even more likely in those patients treated with 
lower concentrations of the allergen, as we have reported.” 
Thus the distinction between immunological stimulation 
and irritation is of importance, the latter being considered non- 
essential for the induction of hair regrowth. We believe that 
topical sensitizers can be used successfully in the treatment of 
patients with alopecia areata without significant symptoms.?:!° 


G.ORECCHIA 
L.PEREETTI 


Clinica Dermatologica dell’ Universita di Pavia 
P le Golgi, 27100 Pavia, Italy 


References 


1 MacDonald Hull S, Cunliffe WJ, Norris JF. Alopecia areata treated 
with diphencyprone: is an allergic response necessary? Br J 
Dermatol 1990; 122: 716-7. 

2 Orecchia G, Rabbtosi G. Squaric acid dibutylester ın alopecia 
areata: is discomfort really necessary? J Am Acad Dermatol 1987; 
16: 876. 

3 Buchner U, Echternacht-Happle K, Happle R. Irritant dermattis 
versus allergic contact dermatitis for the treatment of alopecia 
areata. Arch Dermatol Res 1979; 264: 123. 

4 Swanson NA, Mitchell AJ, Leahy MS et al. Topical treatment of 
alopecia areata. Contact allergy versus primary irritant therapy. 
Arch Dermatol 1981; 117: 384-7. 

5 Ashworth J, Tuyp E, MacKie RM. Allergic and trrttant contact 
dermatitis compared in the treatment of alopecta totalis and 
universalis. A comparison of the value of topical diphencyprone 
and tretinoin gel. Br J] Dermatol 1989; 120: 397-401. 

6 Happle R, Hansen BM, Wiesner-Menszel L, Diphencyprone tn the 
treatment of alopecia areata. Acta Derm Venereol (Stockh) 1983; 
63: 49-52. 

7 Orecchia G, Rabbiosi G. Treatment of alopecia areata with 
dtphencyprone. Dermatologica 1985; 171: 193-6. 

8 Orecchia G, Douville H. A three-year treatment of alopecia areata 
with squaric acid dibutylester. Ann It Derm Clin Sper 1988; 42: 
179-85. 

9 Barth JH, Darley CR, Gibson JR. Squanc acid esters in the treatment 
of alopecia areata. J Am Acad Dermatol 1986; 14: 846. 

10 Wilkin JK Squartc acid esters in the treatment of alopecia areata. 
J Am Acad Dermatol 1986; 14: 846. 


ADONIS 0007096391001278 


Hypnotherapy for alopecta areata 


Siz, There are anecdotal reports of hypnotherapy helping 
alopecia areata. We designed a tnal to assess the effect of 
hypnotherapy on patients with extensive alopecia areata. 
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Table 1. Effect of hypnotherapy on hair growth 


Age 
Patient (years) Sex Alopecia 
l 54 F Total, non-scarring 
2 45 M Subtotal, non-searring 
(patchy fine hair on scalp) 
3 64 F Total, mild scarring 
4 33 F Total, mild scarring 
5 19 M Partial, non-scarring 


(approx, 90% of scalp) 


Ease of 


Psychological induction 
factors of hypnosis Change in alopecia 

A2 R3 C2 H No change 

AI R3 CI 2 Slight increase in 
tine hair on scalp 

AZ RI CI 3 Development of stubbly 
eyelashes and eyebrows 

A3 R3 C3 2 Patchy fine hair 
on axillae and cheeks 

A2 R2 C2 3 Significant increase 


of hair growth on scalp 





A, anxiety; R, ability to relax: C, ability to concentrate: graded from 0 (no undue problems) to 4 (very significant problems). 


Twelve patients (four males and eight females, age range 19~64 
years, mean 43 years) were initially included in the study and 
all had total or subtotal alopecia for more than 5 years. Their 
previous therapy included topical and intralesional steroids, 
sensitization with DNCB or diphencyprone or treatment with 
topical cyclosporin. These treatments were ineffective and 
produced no significant hair growth. Because of the persistence 
of their alopecia, all the patients had a biopsy and four were 
found to have mild dermal scarring. 

Of the patients asked to participate in this trial of hypnother- 
apy, only five (Table 1) completed the study. In an introductory 
session each patient was assessed psychologically and the 
degree of alopecia estimated. The patients then attended for 
10-12 sessions of hypnotherapy, each session lasting about 45 
min. The patients initially attended weekly and afterwards at 
2-3 week intervals. Each patient was issued with a therapy 
tape that they continued to use on a regular basis. A variety of 
hypnosis techniques were used with each patient, including 
direct and indirect suggestion together with ego strengthening. 
The duration of the course of hypnotherapy was 3 months. 


Se, 


“the 


Psychological assessment prior to therapy indicated that 
none of the patients had chronic depression, although most of 
them had problems with anxiety. All the patients who 
completed the course of hypnotherapy reported a feeling of 
general well-being. The effect of the hypnotherapy on hair 
growth is summarized in Table 1. One patient had no change 
as regards her alopecia and three had minimal regrowth of 
hair. Only one patient with partial and non-scarring alopecia 
had a significant increase in hair growth on the scalp. From our 
limited study it appears unlikely that hypnotherapy can 
encourage useful regrowth of hair in alopecia areata. although 
it can improve psychological parameters in these patients. 
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British Journal of Dermatology (1991) 124, 511. 


Book Reviews 


Dermatology. lst edition. Edited by M-Orkin, H.MAIBACH AND 
M.V.DAHL (1991). Norwalk, Connecticut: Appleton & Lange. 
Pp. 695. ISBN 0-8385-1288-7. 


The editors of this book want to serve the needs of too wide a 
range of medical and paramedical personnel including medical 
students and practising dermatologists. They have tried to find 
a niche between the smaller introductory texts and the larger 
specialist reference books. Their brief was perhaps too ambi- 
tious and not made easier by trying to make 65 contributors 
adopt a uniform format and style. 

The book's 700 pages are divided into 55 chapters in 10 
sections. Inevitably, in a multiauthor publication, the depth of 
approach varies. The main cause of this is the strict ‘Lange 
format’ in which a list of ‘essentials of diagnosis’ is followed by a 
general description and clinical findings of the disease and by 
sections on prevention and treatment. I found this irritating 
because, for example, atopic dermatitis and psoriasis are 
covered in no more words than the ectodermal dysplasias. As a 
result 90% of the workload of the average dermatologist takes 
up 7% of the pages. Another problem with this style is that its 
uniformity, coupled with the limited number of poor black and 
white illustrations, and the many hard-to-follow tables, 
becomes monotonous. 

There are, of course, many good contributions. I particularly 
enjoyed the novel (for introductory texts) chapters on the care 
of the normal skin and on percutaneous absorption. The 
section on cutaneous infections, including AIDS, is also 
excellent. 

Many of the deficiencies of the book are balanced by its low 
price which is astonishing for its size. I am not sure that it will 
appeal to all readers mentioned by the editors but I think this is 
a reasonable book for first year dermatology residents and new 
career registrars to buy. The book is far too long for medical 
students, and too rarity conscious for primary care physicians. 
Both groups would do better with the punchier texts, with 
many good colour photographs, which are now available at 
much the same price. 

D.KEMMETT 


Practice of Skin Surgery. P.N.Beni (1990). New Dehli: Skin 
Institute and School of Dermatology, Pp. 140. Price 200 
Rupees. 


For those who look upon dermatological surgery as an 
extension of cosmetic surgery. fit only for the self-indulged 
West, the publication of this thin volume on the surgical 
aspects of dermatology designed for third world dermatologists 
must seem incongruous. In 24 chapters the author briefly 
covers topics ranging from basic surgical techniques and 
equipment through to dermabrasion, liposuction and vein 


surgery. There are chapters on vitiligo surgery and surgery in 
leprosy, which naturally have a special significance for the 
audience that the book is aimed at. Professor Behl, who has 
also written a host of other texts on clinical dermatological 
subjects, has tried hard to encourage careful surgical practice 
in the third world in this first edition, However, the book is not 
such an improvement on the many European and American 
dermatological surgery text books that I would recommend it 
over them. The literary style can be distracting, the diagrams 
amateurish and the clinical photographs are of poor quality. 
These faults could be remedied by a slicker publisher but he 
could not improve on the bindings—I am sure this book will 
not come apart in my hands after 2 years like so many Western 
offerings. 

C. LAWRENCE 


Clinical Dermatology. By J.A.A.HUNTER, |.A.SAVIN AND 
M.V.DAHL (1989). Oxford: Blackwell Scientific Publications. 
Pp. 272. Price £17.50 


There are quite a number of good textbooks of clinical 
dermatology that are now available that are aimed for medical 
students and what the authors of this book consider to be ‘the 
growing number of visually illiterate doctors who quail before 
the skin’. This is an excellent textbook, being well laid out with 
a clear and concise text that covers in some detail all the 
common conditions. There are many high quality colour 
photographs and in most of them the reproduction of the 
colour is good. However, a few of them could be improved 
upon, such as the one showing a case of dysplastic naevus 
syndrome which could show more detail of the lesions and was 
there a halo naevus among the moles? There was also the 
photograph of ‘one or two shy adult pubic lice’ (p. 168) which 
are invisible to my eye. Also, perhaps because it is referred to in 
the text (p. 155), it would have been appropriate to have a 
picture showing the bruise-like lesions of Kaposi's sarcoma 
occurring in patients with AIDS. In addition to the clinical 
photographs there were a number of line diagrams showing 
the distribution patterns of various dermatoses and many 
useful tables giving lists of causes for various conditions, All the 
common skin disorders were covered as well as many of the 
more rare conditions. An excellent feature in this textbook was 
the learning points interspersed and boxed in the text. The 
sections on the structure and function of the skin as well as that 
on therapy were in my opinion too much for medical students 
and perhaps not enough for postgraduates. However, as an 
optimist I hope that my medical students will buy and read this 
textbook which I am sure will become a very popular one. 


S.S.BLEEHEN 
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News and Notices 


2nd International Conference on the Biological Effects of UVA 
Radiation, 27-28 June 1991, San Antonio, Texas 


An international conference on The Biological Effects of UVA 
Radiation will be held on 27-28 June 1991 in San Antonio, 
Texas, immediately following the 19th Annual Meeting of the 
American Soctety for Photobiology. The conference is spon- 
sored by the American Society for Photobiology and will be 
chaired by Dr F.Urbach. The subjects discussed will include 
sources of UVA radiation, biological effects of UVA, action 
spectra for UVA effects, photocarcinogenesis by UVA, effects on 
immune function and protective agents against UVA, 

For further details and information and registration forms 
contact: The Secretariat, American Society for Photobiology, 
8000 Westpark Drive, McLean, VA 22102, U.S.A. Fax no.: 
703-790-9063. 


The Skin Disease Research Fund 


Applications are invited for research grants from The Skin 
Disease Research Fund and the deadline for submission is 2 
September 1991. Only the Fund’s own forms will be accepted 
and these can be obtained from: the Secretary, The Skin 
Disease Research Fund, 3 St Andrew’s Place, London NWI 
4LB. Telephone 071-935-8576. 
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British Society for Investigative Dermatology, Leicester, 26-27 
September 1991 


The next annual meeting of the British Society for Investigative 
Dermatology will be held in Leicester on 26-27 September 
1991. Abstracts are invited for consideration by the Selection 
Committee. Offcial abstract forms and further information 
from: Mrs R.Barton, The British Assoclation of Dermatologists, 
3 St Andrew’s Place, Regent’s Park, London NW1 4LB. The 
closing date for receipt of completed abstract forms 1s 5 June 
1991. 


CELL PROLIFERATION 


A Journal of basic and clinical studies of the cell cycle 

and differentation (formerly Cell and Tissue Kinetics) 

The Journal of The Cell Kinetics Society, 

The European Study Group for Cell Proliferation, 

and The International Cell Cycle Society 

Edited by C.S. Potten (European Editor) and 

Z. Darzynkiewicz (North American Editor) 

Cell Proliferation is devoted to studies of cell prolifera- 

tion and differentiation in normal and abnormal states; of 

control systems and mechanisms operating at inter- and 

intracellular as well as at molecular levels; and of their 

modification by chemical and physical agents. In addition 

to complete papers the Journal publishes brief communications 

(of up to 500 words) and invited review articles. 

Subscription Information 

Cell Proliferation is published bi-monthly. Subscription rates for 1991 
are £124.00 (UK), £142.50 (overseas) and US$259.50 (USA & Canada) 


post free. 


Order Form 

Please tick the appropriate box and return to the address below: 

[ ] I would like to subscribe to Cell Proliferation 

[C] I wish to pay by cheque and enclose the sum of £ US$ 

[C] I wish to pay by Access/ American Express/Barclaycard/Diners Card/ 
VISA/Mastercard (delete as neccessary) 


Please debit my creditcard no. C| |] |] 11111111111 





Expiry date / / withthesumof£ US$ 
Signature Date / / 
[_] Please send me a specimen copy of Cell Proliferation 
Name 

Address 
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JOURNAL OF 


MEDICAL AND 
VETERINARY MYCOLOGY 






NEW 
TO BSP 
FOR 1991 






Official Journal of the International Society for Human and Animal Mycology, 


Chief Editor: E G V Evans, Department of Microbiology, University of Leeds, UK 
Associate Editors: D Kerridge, UK; K J Kwon-Chung, USA; A Stenderup, Denmark 


The Journal of Medical and Veterinary My- 
cology is a bi-monthly international journal 
publishing original articles that describe in- 
novative research work on all aspects of inva- 
sive fungal disease in man and animals. 
These include mycological, biochemical and 
molecular studies of the causal fungi; aspects 
of pathogenesis, immunology, and epidemi- 
ology; case reports of unusual infections; 
clinical and laboratory approaches to diagno- 
sis; antifungal therapy and prophylaxis; and 
the mode of action, pharmacokinetics and as- 
sessment of new antifungal agents in animals 
and humans. The prime aim of the journal is 
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Order Form 


to present the best work in its field from 
throughout the world, providing a compre- 
hensive reference base both for medical my- 
cologists and for clinicians, infectious disease 
physicians and microbiologists who encoun- 
ter fungal problems in their routine clinical 
and/or laboratory practice. 
SUBSCRIPTION INFORMATION 

Journal of Medical and Veterinary Mycology 
is published by Blackwell Scientific Publica- 
tions, bimonthly from February 1991. A sub- 
scription to Volume 29, 1991 costs: £135.00 
(UK), US$265.00 (USA & Canada) or £145.00 
(overseas) post free. 
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Please tick the appropriate box and return to the address below: 


|_| I would like to subscribe to Journal of Medical and Veterinary Mycology 


[_] I wish to pay by cheque and enclose the sumof£ —ć 


US$ 
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[_] I wish to pay by Access/American Express/Barclaycard / Diners Card / 


VISA /Mastercard (delete as neccessary) 


Please debit my credit card no. Pae a as 


Expiry date 


Name 


Address 


nen rp nmin nna A AREY NR RAMA VR DARN HH thatthe oh mhair 





-JOURNALS - 


/ / withthesumoff __ 


SIP Blackwell Scientific Publications — 


Osney Mead, Oxford OX2 OEL Tel: (0865) 240201 


USS 


Date / / 


el aed AAA ttt Mirth tA Ween tested itm nm AAAA fier Ure AEE A AAAA AA YAN i ARNT HAS 4 EPEAT PRN EN IE LRT? ORO Se rane Retain arabe AAA ATAN AAAA A AAAA aaraa AAAA detest aretha aAA A 


Neca mamasir nyanasvnnsrruntunir mahina annA nnana jan 





Editor-in-Chief: Paul R. Bergstresser, Dallas 


Associate Editors: 

North America: Ponciano D. Cruz, fr. Dallas 
Europe: Herbert HOnigsmann, Vienna 
Japan: Takeshi Horio, Osaka 


ENR T Editors: 


Editorial Board: 

R. Rox Anderson, Boston, MA 
Kiichiro Danno., Kyoto 

Vincent A. DeLeo, New York. NY 
Brian L Diffey, Durham 

Louis Dubertret, Paris 

John H. Epstein, San Francisco, CA 
Craig A. Elmets, Cleveland, OH 
Francis P Gasparro, New Haven, CT 
JLM. Hawk, London 

Michael E Holick, Boston, MA 
Masamitsu Ichihashi, Kobe 

Irene E. Kochevar, Boston, MA 
Kenneth H. Kraemer, Bethesda, MD 
Margaret L. Kripke, Houston, TX 
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skin. The divisions of the editorial board retlect areas 

of specific interest: aging, carcinogenesis, immunolo- he 
gy. instrumentation and optics, photosensitivity, ee a NUMBER 2- APRIL 1990: MUNKSGAARD : COPENHAGEN ial 
pigmentation, and therapy. Phatodermatology. 

Photoimmu nology & Photomedicine includes original 

articles, reviews. communications, and editorials, 

Original articles may include the investigation of 

experimental qT pathological DFOCEASES in humans Or er ee ee ee ee ee ee es es ee ee ee ee ee 


animals in viro or the investigation of radiation 


effects in cells or tissues iu piro. Methodology need 
Send to Head office : 


have no limitation: rather, it should be appropriate to 

the question addressed. Thus. all contemporary 
MUNKSGAARD International Publishers Ltd. 
Postbox 2148, DK-1016 Copenhagen K, Denmark 





physiologic, microscopic, and biochemical 
methodologies are welcomed, 

Review articles, including new trends, are ordinarily 
solicited by the editors, although we invite sugges 
tions from all readers. Communications are intended 
for the reporting of a special observation. either 
clinical or experimental, to address an hypothesis, to 
make a single point. or to pose a question, 


OR Regional office in USA : 
MUNKSGAARD International Publishers Ltd. 
Three Cambridge Center, Suite 208, Cambridge, MA 02142, USA 
or any bookseller 
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(GBP 89.00, DEM 261.00). USA, Canada and Japan: USD 180.00 
inciucing postage and ai freight. Preces are payabie in advance 

and subiect to exchange rate fluctuations. 
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CLINICAL AND EXPERIMENTAL ALLERGY 


Formerly Clinical Allergy 


JOURNAL OF THE BRITISH SOCIETY FOR ALLERGY 


AND CLINICAL IMMUNOLOGY 


Edited by A.B. Kay and S.T. Holgate 


Clinical Allergy has been known as Clini- 
cal and Experimental Allergy since 1st 
January 1989 and is the official journal of 
the British Society for Allergy and Clini- 
cal Immunology. The success of Clinical 
Allergy resulted largely from the ability 
to supply practising allergists with infor- 
mation based on clinical science experi- 
mentation, yet at the same time the edi- 
tors maintained the interests of basic sci- 
entists. This tradition has been contin- 
ued, and also improved upon. Review 
articles are included together with edito- 
rials, letters to the editor and book re- 
views. Some new features that have been 
incorporated include current abstracts, 
allergy practice forum, and news and com- 
mentary. Papers on drug trials that shed 
light on pathogenetic mechanisms or 
present the results of entirely novel phar- 
macological agents are also included. 


Order Form 


Educational items such as the allergy 
practice forum are of special interest to 
clinical allergists world wide. 

Clinical Allergy was first published in 
1971, the founding editor being Profes- 
sor Jack Pepys. Between 1980 and 1983 
the Journal was co-edited by Dr James 
Kerr and Dr William Parish. Most of the 
1984 issues and the first two issues of 
1985 were managed entirely by Dr Par- 
ish. The current co-editors are Professor 
Barry Kay and Professor Stephen Hol- 
gate who took over the editorship in 
1985. 


Subscription Information 

Clinical and Experimental Allergy is pub- 
lished bi-monthly. 

Subscription rates for 1991 are £160.00 
(UK), £175.00 (overseas) and U$$320.00 
(USA & Canada) post free. 


Please tick the appropriate box and return to the address below: 


[_] I would like to subscribe to Clinical and Experimental Allergy 


[_] 1 wish to pay by cheque and enclose the sum of £ 


US$ 
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[] I wish to pay by Access/American Express/ Barclaycard / Diners Card/ 


VISA/Mastercard (delete as neccessary) 


Please debit my credit ard no. [TT] [1 TT T] TTT 


Maariaan: 
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Notice to Contributors 


The British Journal of Dermatology publishes original articles on all 
aspects of the normal biology. and of the pathology of the skin. 
Originally the Journal, founded in P885, was devoted almost exclusi- 
vely to the interests of the dermatologist in clinical practice. However, 
the rapid development, during the past twenty vears. of research on the 
physiology and experimental pathology ofthe skin has been reflected 
in the contents of the Journal, which now provides a vehich: for the 
publication of both experimental and clinical research and serves 
equally the laboratory worker and the clinician, Po bridge the gap 
between laboratory and clinic the Journal publishes signed editorials 
reviewing. primarily for the benet of the clinician. advances in 
laboratory research. and also reviews of recent advances in such 
aspects of dermatology as contact dermatitis. therapeutics end drug 
reactions. Other regular features include book reviews. correspon- 
dence and society proceedings. The Journal is the official organ at the 
British Association of Dermatologists and also of the Netherlands 
Association for Dermatology and Venereology. butit attracts contribue 
tions from all countries in which sound research is carried out. and its 
circulation is equally international. 

Papers accepted become the copyright of the Journal, This Journal is 
covered by Current Contents, ISP BIOMED. Science Citation rdex and 
ASCA. 


Manuscripts. Three copies of all material for publication should be sent 
to the Editor. Professor S. S5, Bleehen. Dermatology Department. Royal 
Hallamshire Hospital. Sheffield SiO 2jF. Manuscripts should be 
typewritten on ane side of the paper only. with a wide margin, be 
double spaced. and bear the tithe of the paper. name and address ofeach 
author, together with the name of the hospital. laboratory or 
mstitution where the work has been carried out. The name and full 
postal address of the author who will be responsible for reading the 
proofs should be given on the first page. The author should keep a 
carbon copy of his manuscript. The Editorial Board reserves the right fo 
make literary corrections, 


iHustrations should be referred to in the text as Pigs. und be piven 
Arabic numbers, and should be marked on the back with the mamets) 
of the author(s} and the tithe of the paper. Where there is any possible 
doubt as to the orientation of an illustration. the top should be marked 
with an arrow. Each figure should bear a relcrence number corres- 
ponding to a similar number in the text. Photographs and photomicro- 
graphs should be unmounted glossy prints and should not be retouched. 
Colour illustrations will be accepted when found necessary by the 
Editor, although the author will be expected to Bear the cost. Diagrams 
should be on separate sheets; they should be drawn with black ink on 
white paper or feint-ruled graph paper and should be about twice the 
size of the final reproduction, Lines should be of sufficient thickness to 
stand reduction, Bach ilustration should be accompanied by u legend 
clearly describing it: these should be grouped an a separate sheet of 
paper. 

There should be as few tables as possible and these should include 
only essential data; they should be typewritten on separate sheets and 
should be given Arabic numbers. 


Abbreviations and units. Full names with uncommon abbreviations 
must be given with the first mention: new abbreviations should be 


coined only for unwieldy names and should not be used at all unless the 


names occur frequently. in the tide abbreviations should be denned, 


in the introduction and discussion they should be used spuringh 


Abbreviations of units should conform with those showen Below. 
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These and other abbreviations and symbols should lalliw the recor 
mendations of Lonis, Symbols and Abbreviations. A udite for Biolog ai 
amd Medical Editors and Anthors (1988) The Roval Society of Medicine. 


Londan, 


References. Only papers closely related to the atithors work should be 
referred to: exhaustive lists should be avoided. Relerenees should De 
given in the Vancouver style. Leo references appear as superscript 
numbers in the text, ow... our previous report? and thatol Seth es 
abe oo. and are brought together numerically in the reterence list at 
the end of the article in order of their first mention in the tox: 





authors, include first three authors followed by ef ad: 627 tithe of paper. 
(33 tide of journal abbreviated in the standard manner: phi vear ot 
publicution: (54 volume: (6) page numbers ofthe arucle. Thus 
WH. Shuster S. The rate of sebum excretion in mean. Kej fer 

81: 6097-9. References to books and monographs should iphide 
authorest or editersish (2) paper cif mevessuryvi and book 
edition, volume. ete. (4) place: 63) publisher: thi year. i709 pape 
referred to. Tie: Beare JM. Wilson Jones E Necrobiotic disorders. ia 
Textbook of Dermatelay (Rook AP. Wilkinson DS. Ebling Py. eds dii 
edna Vol 2. Oxford: Blackwell Scientific Publications, PY? 2: 1066. 







Page proofs will be submitted without the original tvpeseript fo che 
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returned to Blackwell Scientific Publications within three days. Ahapa 
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in the treatment of. 
dermatophyte infections 
clinical studies have 
demonstrated that LAMISIL 
provides: 


> High cure rates®’ 
> Low relapse rates® 
P Short treatment periods’ 


LAMISIL — the first oral 
allylamine — promises to be ai 
significant therapeutic 
advance in the treatment of 
dermatophyte infections. 


OR THE TREATMENT OF DERMATOPHYTE INFECTIONS. 


Abbreviated Prescribing Information 
Presentation Tablets providing 250mg of terbinafine. Principal Action 
ferbinatine is an allylamine which has a broad.spectrum of antifungal 
activity. At low concentrations terbinafine is fungicidal against 
fermatophytes, moulds, certain dimorphic fungi and yeasts. indications 
ungal infections of the skin caused by Tichophyton, Microsporum canis 
nnd Epidermophyton floccosum. Dosage and Administration Adults: 
Dne 250mg tablet daily. Contra-indication Hypersensitivity to LAMISIL. 
Precautions and Warnings Patients with severe liver dysfunction or 
severely impaired renal function should receive half the normal dose. 
AMISIL should nat generally be used during pregnancy. Mothers should 
ot receive LAMISIL whilst breastfeeding. Side Effects Side effects are 
mid to moderate and transient. Gastrointestinal symptoms (fullness, 
toss of appetite, nausea. mid abdominal pain, diarrhoea). Allergic 
. skin reactons (rash, urticaria). Further information Terbinafine 
 fapidly diffuses through the dermis and concentrates in the 
lipophilic stratum corneum. Terbinafine is also secreted in 


sebum, thus achieving high concentrations in hair follicles, hair and seburn > 


rich skins. There is aise evidence that terbinafine is distributed into the 
nail plate within the first few weeks of commencing therapy, Package 
Quantities and Basic NHS Cost. 14 tablets in a calendar pack £2375. 
28 tablets in a calendar pack £4580 Product Licence Number 


PL 0101/0304. LAMISIL is a registered Trade Mark. Full prescribing — 
information, including product data sheet, is available from: Sandoz 


Pharmaceuticals, Adivision of Sandoz Products Litited, Poky Business 
Park, Frimley, Camberley, Surrey GU16 SSG. 
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Epidermal cytokines and their roles in cutaneous 
wound healing | 


Summary 


LA.MCKAY AND I.M.LEIGH 
Department of Experimental Dermatology, London Hospital Medical College, 56 Ashfield St, London E1 2BL, U.K. 


Accepted for publication 14 January 1991 


Cytokines are small proteins or glycoproteins which are synthesized and secreted by a variety of cell 
types. Through binding to specific receptors on target cells, these hormone-like products regulate 
many normal cell activities, including growth and differentiation, migration and immune functions. - 
Within the epidermis, keratinocytes are the major source of cytokines along with melanocytes and 
Langerhans cells. In response to a variety of injurious stimuli, including ultraviolet irradiation and 
cutaneous wounding, epidermal keratinocytes may release a number of these regulatory molecules 
which can then interact directly with receptors on inflammatory cells. Epidermal cytokines can 
therefore play an important role in the wound-healing process by recruiting polymorphs and. 
monocytes and in encouraging deposition of extracellular matrix proteins by fibroblasts. Keratino- 
cytes can themselves respond to keratinocyte-derived cytokines by dividing and migrating over the 
wound surface before differentiating into a new stratified epidermis. This review presents the evidence 
of the production of cytokines by human keratinocytes and their role in the healing of skin wounds. 


In normal skin there is a balance between the number of 
keratinocytes being produced in the basal cell layer and 
the number of cells being shed at the skin surface, which 
results in a stable epidermis.’ This in turn probably 
reflects a balance between growth stimulatory and 
growth inhibitory factors, now known as cytokines. 
When keratinocytes are grown in vitro they exhibit a 
hyperproliferative phenotype? and start to produce 
many of these cytokines.’ Likewise cytokines can be 


factors, interleukins and colony stimulating factors. 
Most of them were originally identified by their biological 
activities and were given appropriate functional names 
which are listed alongside. 


Table 1. Cytokines produced by human keratinocytes 


References 

found in abundance in skin which is inflamed or injured, 
especially tn conditions with epidermal hyperprolife- pe factors ee eer ee F 
ration such as psortasis.*® This has led to the concept of OTKA AA pine accel eae fe 9 
the ‘activated keratinocyte’:’ a cell which tn culture or in TCE-« Transforming growth factor « 4,10. 11 
inflammatory skin disease releases a number of cyto- TGF-B Transforming growth factor $ 1] 
kines not found in the normal epidermis. Keratinocytes TNF-« Tumour necrosis factor « 3 
also appear to adopt such an activated phenotype during ee eee 
the process of wound healing. Below we review the IL-la and $ Epidermal cell-derived 12, 13, 14 
cytokines produced by activated keratinocytes before thymocyte activating factor (ETAF) 
proceeding to a description of their role in wound IL-6 Epidermal cell natural killer cell 5, 15 
healing. augmenting factor (ENKAF) 

IL-8 Neutrophil activating protein 16 

: > . Colony stimulatng factors 

Keratinocyte-derived cytokines T j pani ERTE E CSF 17 
Table 1 lists the cytokines shown to be produced by G-CSF Granulocyte CSF 3 
human keratinocytes, divided into three groups: growth hal eee Macrophage CSF a 
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Stimulatory growth factors 


Transforming growth factor « (TGF-) is found in normal 
epidermis*1°1! but, consistent with the concept of the 
‘activated keratinocyte‘,’ elevated levels of TGF-« mes- 
senger RNA and protein are produced by keratinocytes 
in psoriatic epidermis*?°!. This factor is synthesized as 
a large precursor molecule which is inserted into the 
keratinocyte membrane and on activation releases a 50- 
amino-acid peptide,* which will bind to the receptor for 
epidermal growth factor (EGF), normally found on the 
surface of basal keratinocytes.?* Through this mecha- 
nism TGF-« induces keratinocyte division and stimulates 
keratinocyte migration in vitro,?? thereby enlarging cell 
colonies. The fact that TGF-« has been shown to be a 
major autocrine growth factor for cultured keratino- 
cytes has led to its testing along with related growth 
factors in wound healing. Recent evidence suggests that, 
despite its name, TGF-« does not cause transformation of 
keratinocytes** but seems to be the major positive factor 
involved in normal keratinocyte replication. 

Basic fibroblast growth factor (bFGF) is produced by 
keratinocytes in vitro although it is not thought to be 
secreted by them. However it does stimulate the growth 
of melanocytes,’ presumably acting either by direct cell- 
to-cell contact or by the binding of the growth factor to 
the extracellular matrix in some fashion. Bovine bFGF 
has been shown to stimulate human keratinocyte 
growth?’ and it is likely that human bFGF acts in a 
similar fashion. Certainly another member of the FGF 
family, KGF, acts as a mitogen for human keratinocytes. 

The platelet-derived growth factors (PDGF) differ from 
bFGF and TGF-« in that keratinocytes produce them but 
lack receptors for them. PDGF derived from platelets 
exists as a disulphide-linked heterodimer of A and B 
chains. Cultured keratinocytes secrete both homodimers 
(AA and BB)? although they constitutively express more 
PDGF-A than PDGF-B. PDGF is a potent chemotactic 
factor as well as being an important mitogen for 
fibroblasts and it plays an important role in the develop- 
ment of granulation tissue during the wound-healing 
process. 


Inhibitory growth factors 


Factors produced by keratinocytes which tnhibit their 
own growth include tumour necrosis factor a (TNF-«)*° 
and transforming growth factor B (TGF-B).2” TNF-« 
shows synergy with another inhibitory factor released 
by T cells, interferon y (IFN-y),28 in suppressing keratino- 
cyte growth and increasing the expression of intercellu- 
lar adheston molecules. TGF-8, a 25-kDa protein, is a 


very important regulator of inflammation involved both 
in recruiting macrophages and inhibiting some lympho- 
cyte functions.?9 


Interleukins 


Interleukins constitute a class of cytokines originally 
identified for their role in mediating immunological 
functions.?? In recent years it has been shown that 
keratinocytes produce or respond to a number of 
interleukins, indicating that keratinocytes themselves 
are important members of the skin immune system. 

Interleukin 1 is produced by keratinocytes in two 
forms, IL-1a and IL-1 8.13 Kupper’ has suggested that the 
IL-1 found in keratinocytes can only be released once the 
cell is injured. Neither form is usually secreted but both 
require activation by serine proteases for their function. 
Keratinocytes have IL-1 receptors on their surface and it 
is likely that IL-1 can activate keratinocytes in vivo 
through an autocrine pathway. 

Interleukin 6 (IL-6) is synthesized as a 26-kDa peptide 
which can be secreted from cells in multiple glycosylated 
forms. In-situ hybridization experiments show the 
mRNA for IL-6 in the normal epidermis? and, like TGF-«, 
it is found in elevated quantities in psoriasis and in 
cultured keratinocytes and skin tumour-cell lines.*?° 
Like IL-1, IL-6 is a major mediator of the acute-phase 
response.*! It is released from injured cells following 
bacterial and viral infections, UV-irradiation and burns 
and is found in elevated levels in the sera of patients 
following surgery.?+"33 

Thus both IL-1 and IL-6 are products of the ‘activated 
keratinocyte’.’ As yet there is little evidence of a role for 
these factors in wound healing, although it seems likely 
that they will soon be implicated in the activation of 
inflammatory cells and in the replication of keratino- 
cytes during this process. 

Interleukin 8 (IL-8), also known as neutrophil acti- 
vating protein (NAP),'° belongs to a family that includes 
f-thromboglobulin, which mediates both growth stimu- 
latory and inflammatory processes.*4 IL-8 is produced by 
cultured human dermal fibroblasts and keratinocytes in 
response to IL-1 or TNFa.!® 


Colony stimulating factors 


The colony stimulating factors (CSFs) support the forma- 
tion of different blood-cell colonies from haemopoietic 
precursor cells in semi-solid media. Four colony stimu- 
lating factors are produced by cultured keratinocytes:3 
multi-CSF (IL-3),!? granulocyte-CSF (G-CSF),? macro- 
phage-CSF (M-CSF)!® and granulocyte/macrophage-CSF 
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(GM-CSE).!” The best characterized in the skin is GM- 
CSF, a 15-kDa protein, which activates mature granulo- 
cytes, eosinophils and T cells as well as promoting 
granulocyte and macrophage differentiation in the bone 
marrow. There is some evidence that GM-CSF may also 
play an important role in the maturation of Langerhans 
cells. 


Keratinocytes respond to cytokines produced 
by other cells 


Cytokines which have effects on human keratinocytes 
but are produced by other cell types and not keratino- 
cytes are listed in Table 2. 

Epidermal growth factor (EGF) was the first cytokine 
shown to have any effect on the keratinocyte. Although 
EGF binds to receptors in human keratinocytes in vitro 
and promotes both their growth and persistence, it is not 
found in any significant quantities in normal human 
epidermis. However, EGF is found in the « granules of 
platelets and may be released during wound healing.*8 

Other cytokines released from inflammatory cells and 
fibroblasts, blood mononuclear cells and T cells affect 
keratinocytes in various disease states. These cytokines 
include KGF?‘ (keratinocyte growth factor), a member of 
the fibroblast growth factor family but with specificity for 
epithelial cells, IFN-y?® and IL-4.%° Interferons a, B13’ 
and y,7% like TNF-a, reversibly arrest the growth of 
keratinocytes in culture, whereas KGF is mitogenic.>® 
The final effect of cytokines on the growth of keratino- 
cytes clearly depends on a balance between positive and 
negative factors acting synergistically or antagonisti- 
cally. 


Activated keratinocytes in wound healing 


Any damage to keratinocytes by ultraviolet irradia- 
tion, thermal burns, bactertal and viral infections or 


Table 2. Cytokines produced by other cell types which have effects on 
human keratinocytes 


Factor Reference 
IL-4 Interleukin 4 35 
KGF Keratinocyte growth factor (FGF7) 36 
IFN-« Interferon alpha 37 
IFN-81 Interferon beta 1 37 
IFN-y Interferon gamma 28 
EGF Epidermal growth factor 23 
TNE-B Lymphotoxn 28 





incisional or excisional wounding activates the injured 
keratinocytes. Activated keratinocytes may then release 
variety of factors like H-1, 0-6 and TGF-« which can 
bind to receptors on a variety of different inflammatory 
cells, including the keratinocytes themselves. Activation 
of those cells in turn may result in the transcription of 
genes encoding other cytokines such as TNF-«, IL-8 and 
GM-CSF and their subsquent release in biologically 
active forms. 

Keratinocytes may also become activated by other 
pathways, possibly dependent on IFN-y release from T 
cells or TNF-a from monocytes. The nature of the 
inflammatory infiltrate may determine the degree of 
keratinocyte activation and resulting level of cytokine 
induction. Multiple keratinocyte activators, IL-1, IFN-y 
and TNF-« have been identified and it is possible that one 
or more of these factors released from damaged keratino- 
cytes is responsible for initiating the process of wound 
healing. 


The role of cytokines in wound healing 


The healing of skin wounds can be divided into four 
phases all potentially involving the mediation of cyto- 
kines. 


Inflammation. This involves the release of agents chemo- 
tactic for capillary endothelial cells and cells of the 
immune system, such as lymphocytes, polymorphs and 
macrophages. 


Migration. As epidermal epithelial cells (keratinocytes) 
migrate from hair follicles and from the wound edge 
towards the centre of the wound, immune cells and 
capillaries migrate through the underlying dermis into 
the wound site. 


Deposition. Matrix components such as the collagens, 
laminin and fibronectin are deposited in the dermis by 
fibroblasts and other cell types. 


Maturation. This involves the contraction of the dermis 
in full-thickness wounds and squamous differentiation of 
the keratinocytes on the wound surface. 


The study of the role of cytokines in wound healing 
has been subject. to the availability of cytokines in pure 
form. Initially this involved laborious isolation of pro- 
teins from cell extracts and supernatants etc. but more 
recently, pure factors have been produced by recombi- 
nant DNA technology. Early studies focused on the use of 
EGF?94 but TGE-«, vaccinia growth factor (VGF),* 
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bFGE*? and PDGEF*? have been tested more recently. 
Crude biological extracts such as platelet releasates** 
and homogenates or grafts of cultured keratinocytes** 
have been used as sources of bioavailable growth factors 
but their net result depends on the synergism or 
antagonism of the contained factors. Most of these 
studies have been performed in animal models as 
difficulties have been reported with the use of recombi- 
nant products on human volunteers. 

There are problems in the assessment of many of the 
available studies due to variations in the following 
factors. 


The animal model. Initial experiments were performed on 
mice or on human volunteers but now the pig has re- 
emerged as the model of choice, both because of the 
acknowledged similarities between the pig and humans 
and because the larger wounds can be more easily 
surveyed during the healing process. 


The method of applying the cytokines. Cytokines have been 
applied as wound irrigation in buffered solution and as 
ointments but the long-term stability and activity of 
these cytokines has seldom been established. 


The method of assessing wound healing. The measurement 
of wound area is complicated by the damage from 
repeated dressings, difficulties in accurate assessment of 
the wound edge and distortion from wound contraction. 


Mimicking of chronic wounds. Many of the clinical 
problems of wound healing involve chronic non-healing 
wounds such as leg ulcers and burns but these are very 
difficult to mimic in animal models. Steroid treated and 
diabetic (induced) animals have been used but cannot 
reproduce the underlying vascular problems of a chronic 
leg ulcer. 


Results of wound healing studies to date 


Despite slow and intermittent progress, the results of 
cytokine testing on animal and human wounds parallel 
the results on keratinocytes in vitro. EGF and TGEF-a 
promote keratinocyte growth and migration both in 
culture and in wounds.?33940 The application of a saline 
solution of mouse EGF to suction blisters did not 
significantly affect epidermal regeneration?’ but healing 
of split-thickness wounds on pig flank was enhanced by 
application of EGF in a cream vehicle.*° Similarly, on 
human volunteers EGF in Silvadene was found to be 
superior to vehicle alone tn 12 donor sites with 


enhanced epidermal regeneration and no complications 
at 1 year following application.** More recently, TGF-« 
and VGF improved the healing of split thickness in- 
cisional wounds and partial thickness burns but this 
study was limited to two pigs.*! 

In pig wounds, TGE-8 application caused an increase 
in connective tissue including elevated collagen levels, a 
promotion of angiogenesis and an increase in tensile 
strength,”? but TGF-8 is pro-inflammatory and causes 
abnormal epidermal differentiation. 

It has been suggested that limited effects from the use 
of individual factors might be overcome by their appli- 
cation in combinations. There have been few studies of 
this type. Eisinger et al. used extracts of cultured 
keratinocytes and supernatants from cultured cells on 
split-thickness wounds in pigs.*° Five days after appli- 
cation there was more extensive epidermal regeneration 
in the treated wounds when compared with controls. It 
seems probable however that this form of treatment has 
no advantages over the application of cultured skin 
grafts, which presumably release the same factors but 
are likely have a superior dressing effect. Lynch et al.*® 
tested the effects of various combinations of purified 
cytokines on pig wounds. They reported that the 
combinations of PDGF with either insulin-like growth 
factor 1 (IGE-1) or TGF-« gave the best results in terms of 
connective tissue deposition, angiogenesis and collagen 
content and maturity. Indeed, compared to TGF-f alone, 
these combinations of factors also give better epidermal 
differentiation and reduced inflammation. It seems 
therefore that combinations of factors will be attractive 
alternatives to grafting or single factor therapies. Studies 
on the effects of the interleukins and colony stimulating 
factors on wound healing are so far lacking. However it 
seems likely that potent activators of keratinocytes such 
as IL-1 will have an tmportant role to play in the wound 
healing process. 


The future 


In wound healing studies the challenge of the nineties 
will be to ascertain which cytokine activities are impor- 
tant. The tools are readily available for such studies: 
monospecific antisera for immunocytochemistry, cloned 
DNA probes for in-situ hybridization and biological 
assays of function. Using this powerful combination it 
should prove possible to discover which cytokines are 
released in the initial response to cutaneous wounds; the 
pattern of cytokines subsequently induced; how much of 
each cytokine is present and how long they remain 
active. Only with this information will it be possible to 
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define rational therapeutic approaches to intervention in 
the would healing process. Meanwhile the cost of 
recombinant factors excludes their use in routine wound 
healing management. However, large-scale manufac- 
ture of stable active formulations may allow their use in 
treatment of chronic non-healing wounds or hypertro- 
phic scars. 
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allergic contact dermatitis (rhus dermatitis) 
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To understand the molecular events which are important in leucocyte trafficking in cutaneous 
inflammation, poison ivy/oak extract was applied topically to the skin, and the simultaneous 
assessment of a variety of clinical and immunopathological parameters performed. The clinical 
response of subjects was divided into three main groups: I, 2-24 h after application, before the onset of 
erythema; II, 48 h-1 week after application during maximal clinical changes; IU, 2-3 weeks after 
application when the inflammation had subsided. Six different biopsies per subject were evaluated 
over the study period and the density of dermal cellular infiltrate, and the distribution of intercellular 
adhesion molecule-1, (ICAM-1), endothelial leucocyte adhesion molecule-1, (ELAM-1), vascular cell 
adhesion molecule-1, (VCAM-1), interleukin 8 (0-8) and tumour necrosis factor-alpha (TNF-a), 
determined. Eight hours after exposure, before lymphocytes and monocytes had entered the dermal 
interstitium or epidermis, the keratinocytes expressed TNF-a and ICAM-1, whilst the endothelial cells 
expressed ELAM-1, VCAM-1l and ICAM-1. Group U biopsies revealed increasing keratinocyte 
expression of TNF-« and ICAM-1 with the appearance of IL-8, which correlated with the onset of 
epidermal T-cell trafficking. The endothelium was strongly positive for ELAM-1 and VCAM-1, but 
there was no influx of neutrophils. Group III biopsies showed a decrease in the expression of ICAM-1, 
VCAM-1 and ELAM-1 by both keratinocytes and endothelium with a reduction in epidermal/dermal 
inflammation, although the endothelial cell staining of VCAM-1 and ELAM-1 did not completely 
disappear. These results suggest that on exposure to poison ivy/oak, keratinocytes rapidly produce 
TNF-a which leads to an early autoinduction of ICAM-1, and later IL-8. There is also a paracrine- 
mediated induction and augmentation of underlying endothelial cell ELAM-1, VCAM-1 and ICAM-1. 


The cellular events induced in human skin following 
epicutaneously applied allergens include early morpho- 
logical changes in endothelial cells, within 4-8 h, which 
precede the migration of lymphocytes into the dermis.? 
However, after 24—48 h, lymphocytes are observed 
bound to endothelial cells of the superficial vascular 
plexus, and entering the dermis and epidermis.! These 
cellular alterations imply that resident cells, keratino- 
cytes, endothelial cells and perivascular dermal dendro- 
cytes, can become rapidly activated and produce mol- 
ecular mediators for the recruitment of circulating 
mononuclear cells into the dermis/epidermis. We pre- 
viously observed that urushiol (the active ingredient in 
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poison ivy/oak) directly induces keratinocyte ICAM-1, 
prior to dermal T-cell infiltration, with dermal dendro- 
cytes appearing as prominent early constituents of the 
inflammatory reaction. 

To define the molecular events responsible for the 
migration of inflammatory cells, we have applied a 
poison ivy/oak extract to normal skin and taken sequen- 
tial biopsies. A variety of leucocyte adhesion molecules 
(ICAM-1, ELAM-1, VCAM-1), a T-cell chemotactic factor 
(IL-8), and a cytokine (TNF-a), known to regulate 
adhesion molecule and IL-8 production in co-ordina- 
tion,’ were assessed immunohistochemically. At the 
same time the sequence of trafficking of inflammatory 
cells in the skin during the evolution of inflammation 
was determined.?4 
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Methods 
Patients 


Seven adult volunteers (four males, three females; age 
range 26-54 years) with a positive history for poison ivy 
dermatitis, who were otherwise in good health without 
any current skin disorder, and not taking any medica- 
tion, were selected for study. All 4-mm punch biopsies 
were obtained after informed consent with the approval 
of the University of Michigan Human Subjects Com- 
mittee. Portions of a tonsil were also obtained from a 
patient undergoing elective tonsillectomy. 


Induction of inflammation and biopsy procedure 


A poison ivy/oak mixture 1:50 (w:v) in alcohol (Hollis- 
ter-Stier, Elkhart, IN, U.S.A.) was applied using the Al- 
test System (Sodertalje, Sweden) to six different sites (5 
mm diameter, 5 cm apart) on the flexor forearm of each 
volunteer. The patch-test reaction sites were divided into 
three different groups.* Group I biopsies were obtained 
2-24 h after application of the potson ivy/oak mixture, 
before the onset of erythema or any other detectable 
clinical change. Group II biopsies were obtained 48 h-1 
week after application when there were maximal clinical 
changes, and Group II biopsies were obtained 2-3 
weeks after application when the inflammation had 
subsided, and there was only mild, residual erythema. 
Each volunteer had a baseline (pre-application) biopsy 
and then sequential biopsies of Group I, Group I and 
Group III sites were taken, with no more than six biopsies 
taken from each subject. A representative biopsy proto- 
col would be as follows: baseline; 4, 8, and 24 h (Group 
I); 48 h or 1 week (Group II); 2 or 3 weeks (Group M). 


Evaluation procedures 


Clinical features. The patch-test sites were graded as 
follows: 0, no reaction; 1, erythema; 2, erythema and 
oedema; 3, erythema, oedema, and vesiculation. 


Histopathology. The slides were assessed by two of the 
authors (CEMG, BJN). The dermal cellular infiltrate was 
composed primarily of lymphocytes and monocytes/ 
macrophages (without neutrophils) and was graded 
semiquantitatively from 0—4 as follows: 0-1, no increase 
above the normal, pretreatment biopsy, or a few perivas- 
cular mononuclear cells; 2, a mild increase in perivascu- 
lar mononuclear cells with rare scattered interstitial 
cells; 3, a moderate increase in perivascular cells 
accompanied by an easily recognizable dermal interstti- 
tial and epidermal influx of mononuclear cells and 4, an 


intense perivascular and interstitial mononuclear cell 
infiltrate with numerous intraepidermal cells. 


Immunohistochemistry. The punch biopsies were orien- 
tated and mounted on gum tragacanth (Sigma Chemical 
Co., St Louis, MO, U.S.A.), snap frozen in tsopentane 
chilled in liquid nitrogen, and then stored at — 70°C 
until use. Cryostat sections (5 um) were fixed in cold 
(4°C) acetone and incubated with primary monoclonal 
antibodies (MAbs) or antisera diluted in phosphate- 
buffered saline (PBS) containing 1% bovine serum 
albumin (Sigma Chemical Co.) for 45 min at room 
temperature. The sections were then washed in PBS, and 
an avidin-biotin immunoperoxidase technique was used 
(Vectastain, Vector Labs, Burlingame, CA, U.S.A.) as 
previously described,” with 3-amino 9-ethylcarbazole as 
the chromogen and counterstained with 1% haema- 
toxylin. 

The MAbs used were BB11 (anti-ELAM-1) and RR1/1 
(anti-ICAM-1) obtained from Drs R. Lobb and C. Benja- 
min (Biogen Inc., Boston, MA, U.S.A.) and Dr T. Springer 
(Dana Farber Cancer Institute, Boston, MA, U.S.A.), 
respectively; MAb 4B9 (anti-VCAM-1) was produced as 
previously described.° Staining of human umbilical vein 
endothelial cells (obtained courtesy of Dr R. Marks, 
University of Michigan) before and after exposure to 
TNE-« (250 U/ml; Biogen Inc.) for 6 and 24 h using these 
anti-ELAM-1 and anti-VCAM-1 antibodies produced 
identical results to those previously published (data not 
shown).®” The highly purified rabbit antisera against 
human TNF-« and IL-8 was provided by Dr S.Kunkel. 
The sensitivity and the specificity of the rabbit anti- 
TNE-« and IL-8 sera was confirmed by comparison to 
pre-immune rabbit sera, as well as neutralization pre- 
incubation studies with recombinant TNF-« and IL-8 as 
previously described.’ Other MAbs used included Leu 6 
(anti-CD1, Becton Dickinson, Burlingame, CA, U.S.A.), 
T11 (anti-CD2, a pan-T cell marker, Coulter Immuno- 
logy, Hialeah, FL, U.S.A.), and EBM 11 (anti-monocyte/ 
macrophage; Dako Corp, Santa Barbara, CA, U.S.A.). 
The specific dilution and antibody concentrations used 
were: BB11 (1:50; 20 ug/ml); 4B9 (1:50; 20 ug/ml); 
RR1/1 (1:10,000; 1 pg/ml); TNF-« and IL-8 (1:2000); 
Leu 6 (1:20; 2-5 ug/ml) and T 11 (1:50; 10 ug/ml); 
EBM 11 (1:100; 4 ug/ml). 

Keratinocyte ICAM-1 expression was graded as: 0, no 
epidermal staining; 1, less than 25% of all epidermal 
keratinocytes/section were positive; 2, 25-50%; 3, 50- 
75%; 4, > 75%. The same scoring system was used to 
measure the degree of epidermal keratinocyte TNF-a and 
IL-8 positivity. 


MODULATION OF LEUCOCYTE ADHESION MOLECULES 


Endothelial cell adhesion molecule (ELAM-1, ICAM-1 
and VCAM-1) expression was assessed by the following 
scoring system: 0, negative or no vessel reactivity; 2, 
weak reactivity that was generally detectable on less 
than five vessels per section; 4, moderate reactivity easily 
detectable on 6-10 vessels per section; 6, strong reactt- 
vity with easily detectable and diffuse staining of more 
than 10 vessels per section. It should be noted that the 
positively scored vessels were primarily those of the 
superficial vascular plexus and not larger vessels (arter- 
iolar) or lymphatic endothelium. 


Results 
Normal skin and tonsil 


The baseline biopsies of normal skin revealed no reacti- 
vity for ELAM-1 and VCAM-1 on endothelial cells and 
only weak ICAM-1 staining of endothelial cells as 
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previously described.*67 Perivascular dermal dendritic 
cells, and occasional perivascular lymphocytes were 
positive for VCAM-1. The perivascular dendritic cells 
which were VCAM-1 positive were in the same position 
as those labelled by the macrophage antibody EBM 11, 
but there was no labelling of epidermal CD1* Langer- 
hans cells (data not shown). The follicular dendritic cells 
within the central portion of the lymphoid follicles, and 
the interdigitating dendritic cells in the interfollicular 
zones were strongly VCAM-1 positive, as found by Rice et 
al. using the INCAM-110 MAb that recognizes VCAM- 
1.” Fewer than 10% of the lymphocytes in the T-cell and 
B-cell zone of the tonsillar tissue were VCAM-1 positive, 
and only occasional venular endothelial cells were 
VCAM-1 positive. The venular endothelium of the tonsil 
was focally ELAM-1 positive, but there was no staining 
of arterioles, or any other cell types (data not shown). 
Perivascular cutaneous dermal dendrocytes and eccrine 
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Figure 1. Summary of clinical, pathological, and immunohistochemuical results including a semiquantitatıve assessment of staining of TNF-«, IL-8, 
ICAM-1, ELAM-1 and VCAM-1 (means+SD) * P<0-05 when compared to baseline valves using the non-parametric sign test 
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Figure 2. ICAM-1 expression within 24 h of application of poison ivy 
oak extract by basal keratinocytes (straight arrows) and by dermal 
dendritic cells located in the upper dermis. 


sweat duct epithelium were positive for TNF-x. IL-8 
positive cells were confined to eccrine duct epithelium 
and acrosyringium.* This IL-8 and TNF-« reactivity in 
normal skin, as well as the staining pattern described 
below was judged to be specific as it was not observed 
using pre-immune rabbit serum, and pre-absorption of 
the anti-serum with recombinant IL-8 and TNF-x 
resulted in an absence of staining.” A summary of the 
clinical, pathological and immunohistochemical results 
for pretreatment and post-treatment biopsies is shown in 
Figure 1. 








Figure 3, ELAM-1 expression on endothelial cells in both the superticial 
and deep vascular plexus 8 h after treatment, 


Group 1: pre-erythematous skin reactions to poison ivy/oak 


During the first 24 h following application of poison ivy/ 
oak, the skin was essentially clinically unchanged, with 
only a slight degree of erythema detected in one patient 
(Fig. 1) The cellular infiltrate during this period was only 
slightly increased over baseline levels, with a marginal 
increase in the perivascular lymphocyte population (Fig. 
|) but with no detectable movement of lymphocytes into 
the surrounding dermis.'* However, there was a signifi- 
cant increase in the keratinocyte expression of ICAM-1 


Figure 4. VCAM-1 expression on vascular 
endothelial cells and perivascular dendritic 
cells (straight arrow) 18 h after treatment (a) 
low-power magnification; (b) higher power 
magnification. Note the absence of VCAM-1 
expression by lymphatic endothelium (curved 
arrow}, 
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Figure 5. Expression of TNF-« by epidermal keratinocytes as early as 4 
h after treatment, with enhancement along the basement membrane 
zone. 


and more prominent ICAM-1 expression of dermal 
dendritic cells in the upper dermis, particularly in the 
area between the tips of the dermal vascular plexus and 
the base of the keratinocytes (Fig. 2). It appeared that 
these dermal dendritic cells were more strongly ICAM-1 
positive than dermal dendritic cells in the normal and 
untreated skin.” The prominent expression of ICAM-1 by 
basal keratinocytes, dermal dendrocytes, and the endo- 
thelial cells seemed to produce an almost continuous 
network of cellular adhesion molecules in the upper 
portion of the treated skin, which probably comprised a 
dermal microvascular reactive unit.'” The endothelial 





_ ae 
">> 


Figure 6. IL-8 expression by epidermal keratinocytes 48 h after 
treatment, accompanied by the movement of lymphocytes into the 
epidermis. 
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cells of the superficial vascular plexus became positive 
for both ELAM-1 (Fig. 3) and VCAM-1 (Fig. 4) during 
this period and this could be detected as early as 4 h after 
application of the poison ivy/oak extract. 

Because there was a near-simultaneous induction of 
the expression of ICAM-1 by keratinocytes and of ELAM- 
1 and VCAM-1 by endothelial cells, suggesting the local 
production of an activating cytokine,'’ we sought to 
identify TNF-z in these sections. TNF-z is the only known 
cytokine which can induce all three adhesion molecules 
on these different cell types in vitro.'*'* The epidermal 
keratinocytes showed an increased expression of TNF-« 
during this time period with little or no staining of any 
other cell type (Fig. 5). There was only a slight increase 
in keratinocyte IL-8 expression, which became more 
noticeable 48 h after treatment (Fig. 6). 


Group II: inflammatory phase of poison ivy/oak reaction 


Two days to 1 week following application of poison ivy) 
oak, the skin became erythematous with oedema and 
vesiculation. There was variation between patients in 
the degree and time of onset for each of these para- 
meters,* but all patients eventually reached a clinical 
score of at least 2-0. The cellular infiltrate was greatly 
increased with prominent perivascular and interstitial 
dermal collections of lymphocytes, monocytes and mac- 
rophages, but no neutrophils. Mononuclear cells also 
began entering the epidermal compartment, with con- 
comitant spongiosis and microvesiculation in four cases. 
The dermal and epidermal lymphocytes were negative 
for ELAM-1 and VCAM-1. Epidermal keratinocyte 
ICAM-1 expression gradually increased, as did endothe- 
lial staining for ICAM-1, ELAM-1 and VCAM-1. There 
was a slight decrease in keratinocyte TNF-a staining, but 
increased keratinocyte IL-8 staining as noted above 
(Fig. 6). 


Group III: post-inflammatory phase 


After 2-3 weeks, clinical examination of the skin 
revealed only a slight degree of residual erythema and 
scaling with no oedema or other changes. The cellular 
infiltrate had also substantially decreased compared to 
the Group II samples, and was approaching the baseline, 
group | values, Epidermal keratinocyte ICAM-1 was only 
focally present in three of our patients, and undetectable 
in the other four. However, the endothelial cell ex- 
pression of ICAM-1, ELAM-1 and VCAM-1, while dimin- 
ished, was still elevated over baseline values indicating 
persistent expression of both ELAM-1 (Fig. 7a) and 
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Figure 7. (a) ELAM-1 expression persisting on endothelial cells 3 weeks after treatment. (b) VCAM- | expression persisting on endothelial cells 3 weeks 
after treatment. 


VCAM-1 (Fig. 7b). The epidermal keratinocyte TNF-« 
and IL-8 staining pattern had largely reverted back to 
baseline levels. 


Discussion 


This experimental model was designed to detect in vivo 
the molecular mediators of adhesive interactions 
between leucocytes and cultured cytokine-activated 
endothelial cells with neutrophils, lymphocytes and 
determined where and when these molecules were 
expressed by indigenous and migrating cells that partici- 
pate in adhesive interactions during the course of 
cutaneous inflammation. From tissue culture experi- 
ments it is known that at least three distinct mechanisms 
are involved for lymphocyte adhesion to endothelial 
cells.'> The studies on the combination of human 
endothelial cells, with neutrophils, lymphocytes and 
monocytes have been reviewed.'® In this present study 
we have assessed three distinct adhesion molecules, a 
T-cell chemotaxin (IL-8) and a modulatory cytokine 
(TNF-«), together with the associated accumulation of 
leucocytes in an in-vivo human system.*'’ 

Endothelial cell ELAM-1 was induced within 4-8 h 
following topical application of the poison ivy/oak 
mixture, and this induction preceded migration of 
lymphocytes into the dermis. ELAM-1 expression was 
not associated with an influx of neutrophils as predicted 
by in vitro experiments,’ or as observed in baboon skin 
following intradermal injections of TNF-x and IFN-y.'" 
Moreover, in vivo ELAM- h expression was more persist- 
ent (> 3 weeks) than preyiously observed for cultured 
endothelial cells! >and endothelium in short-term skin 
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organ cultures incubated with various cytokines,*” in 
which ELAM-1 expression was essentially absent after 
only 24 h. The differences in results between cultured 
endothelial cells'*’ and the current study may be partly 
explained by the experimental methods used. The study 
of cultured endothelial cells emphasized cell-surface 
immunoreactivity. whereas in frozen sections of intact 
skin specimens fixed with acetone, the resulting mem- 
brane permeabilization does not allow easy distinction 
between cytoplasmic and cell surface staining. It should 
be noted that different ELAM-1 antibodies have been 
used, and it is possible that the H4/18 antibody recog- 
nizes a different epitope on endothelial cells than the 
currently used BB11 antibody. However, it is also 
possible that the regulation of ELAM-1 expression and 
functional binding interactions between neutrophils and 
cultured endothelial cells is quite different from regula- 
tory pathways in vivo. There may be pulses of endothelial 
cell activation in vivo, operating on a large reservoir of 
vascular-lining cells, which could give the appearance of 
persistence by individual cells, of ELAM-1 expression and 
a cell-to-cell contiguity. 

Endothelial cell VCAM-1 was induced within 4-8 h 
following topical application of the poison ivy/oak 
mixture, and this induction preceded migration of 
lymphocytes into the dermis. This VCAM-1 expression 
occurred much earlier than that observed at 72 h in a 
delayed-type, cutaneous inflammatory reaction.’ How- 
ever, the rapid induction and prolonged expression of 
endothelial VCAM-1 is very similar to the results 
obtained by treating cultured endothelial cells with 
TNF-«.'* The perivascular dermal dendritic cells were 
also VCAM-1 positive both in untreated control skin, and 
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in inflamed skin which agrees with a previous study 
using a different anti-VCAM-1 antibody (INCAM-110).’ 

The induction of keratinocyte ICAM-1 occurred very 
rapidly before the development of a dermal T-lymphocy- 
tic infiltrate and an ICAM-1 network was formed in the 
upper portion of the skin involving endothelial ceils, 
dermal dendritic cells, and basal keratinocytes.” At 2-3 
weeks post-treatment when the cutaneous inflamma- 
tion was resolving and there was no further trafficking of 
mononuclear cells into the epidermis, the keratinocytes 
became ICAM-1 negative. This temporal and spatial co- 
localization of keratinocyte ICAM-1 with intraepidermal 
lymphocyte trafficking!’ is found in several skin diseases 
(psoriasis, lichen planus, alopecia areata) before and 
during treatment with cyclosporin A.” +? We previously 
observed the ability of urushiol to activate directly 
keratinocyte ICAM-1 expression,’ and noted that urus- 
hiol strongly induced TNF-x expression on cultured 
keratinocytes.* We therefore examined whether TNF-« 
protein expression could be detected early in our in vivo 
model, as this is the only known cytokine capable of 
inducing endothelial cell ELAM-1, VCAM-1 and kerati- 
nocyte ICAM-1 expression. 

Keratinocyte TNF-a expression was induced within 
4-8 h following topical application of the poison ivy/oak 
mixture, and the keratinocyte was the principal cuta- 
neous cell type which was TNF-z positive. The ability of 
the keratinocytes to rapidly respond to urushiol by 
producing TNF-«, which could autoinduce keratinocyte 
ICAM-1 and then activate the underlying dermal endo- 
thelial cells, supports our earlier contention that the 
keratinocyte regulates the movement of dermal 
cells.*+.!’24 While the notion that the ‘activated’ endothe- 
lial cell is pivotal in T-cell-mediated inflammatory 
reactions has gained support in recent years, 75 the 
current results suggest that the epithelium, and perhaps 
perivascular dendritic macrophages, are very important 
in the endothelial cell-T-cell interactions, and may even 
initiate them.* 

Keratinocyte IL-8 expression occurred somewhat 
later than the appearance of TNF-a, but correlated well 
with the migration of T lymphocytes towards the 
epidermis. This in vivo correlation involving keratinocyte 
TNF-x expression with the co-ordinated induction of 
ICAM-1 and IL-8, resembles that found in vitro and 
supports the notion that keratinocyte-derived IL-8 is an 
important T-cell chemotaxin both in vitro, and in vivo.*° 

In conclusion, these results indicate that the mol- 
ecular basis for the precise cellular movement of leuco- 
cytes during the genesis, evolution, and termination of 
cutaneous inflammation induced by poison ivy/oak 
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involves the production of TNF-x by epidermal keratino- 
cytes, with the subsequent induction and diminution of 
multiple adhesion molecules on endothelial cells (ELAM- 
1, VCAM-1) and keratinocytes (ICAM-1), as well as the 
production of chemotactic factors such as IL-8. While 
there are almost certainly other components of this 
molecular and cellular network beyond those studied 
here, this experimental system can further our under- 
standing of normal immunohomeostasis and the patho- 
physiology of acute and chronic cutaneous inflamma- 
tion. 
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Expression of a cell adhesion protein (VLA B) 
in normal and diseased skin 
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Biopsies from normal skin (n=17) and various cutaneous disorders (n=83) were examined 
immunohistologically for reactivity with an antibody (CD29) against the common £ chain of the VLA 
integrin family. In normal skin, CD29 recognized a number of cell types, i.e. endothelial cells, 
fibroblasts, T lymphocytes and basal keratinocytes. Similar cells were positive in diseased skin, but the 
expression of VLA p was upregulated on keratinocytes. The phenotype of the VLA f-positive T cells 
was examined in more detail by staining with anti-T-cell antibodies, i.e. CD3, CD4, CD8, CD45RO 
(UCHL1) and CD45R (2H4). These studies showed that most of the T cells in normal skin, benign 
cutaneous conditions and early cutaneous T-cell lymphomas (CTCL) expressed a similar phenotype 
and resembled antigen committed ‘memory’ (helper/inducer) cells (CD4*, CD29*t, CD45RO", 
CD45R~). In advanced CTCL, expression of these antigens was more variable, and many of these 
infiltrates showed aberrant (or unusual) expression of CD29, CD45RO, CD45R and other T-cell 
antigens. It is concluded that several cells involved in cutaneous immune reactions express a molecule 
(VLA $) which acts as a receptor for extracellular matrix components. This molecule is important for 
the attachment of celle t, -onnective tissue constituents and may act to facilitate the migration of 
lymphocytes (and other cells) during immune reactions in normal and diseased cutaneous conditions. 
Advanced CTCL differ from the early lesions and it is possible that there is a progressive accumulation 


of increasingly malignant (or transformed) cells in these conditions. 


Cell adhesion is critical for a number of immune 
reactions. Leucoyctes must attach to endothelial cells 
and to extracellular matrix components so that migra- 
tion of leucocytes to sites of inflammation can occur. 
Leucocytes must also attach to antigen-presenting cells 
(or target cells) before specific immune reactions can 
occur. 

Several molecules are implicated in these interactions, 
including a group of proteins collectively referred to as 
integrins, which are homologous in structure and 
consist of heterodimers composed of one a chain (unique 
to each individual molecule) and one f chain (common 
to different molecules within one family). Three families 
of integrins are recognized: the VLA integrins, the 
leucocyte integrins, and the cytoadhesion Integrin 
family (see Table 1).1-3 

Most previous studies of the skin have focused upon 
the leucocyte Integrins. These studies have shown that 
endothelial cells, fibroblasts, lymphocytes and in some 
Correspondence: Dr Elisabeth Ralfkiaer, Department of Pathology, 
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instances keratinocytes may express a molecule which 
acts as a ligand for lymphocyte function antigen-1 
(LFA-1), intercellular adhesion molecule-1 (ICAM-1).*® 
Knowledge of the expression of other cell adhesion 
proteins in cutaneous biopsies is more limited. 

In this study, we have examined biopsy samples from 
normal skin and various cutaneous disorders for reacti- 
vity with an antibody (CD29) against the common £f 
chain of the VLA integrin family. In all cases, the 
phenotype of the T-cell infiltrate was also examined by 
staining with anti-T-cell antibodies, i.e. CD3, CD4, CD8, 
CD45RO (UCHLI) and CD45R (2H4). 


Methods 
Biopsy samples 


Biopsy samples were obtained from normal skin from 17 
healthy adult volunteers and from 26 patients with 
benign cutaneous conditions: patch-test infiltrates (six 
cases), eczema (five cases), lichen planus (eight cases) 
and psoriasis (seven cases). Samples from 57 patients 
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Table 1. Integrin molecules 


CD 

Molecules* Subunits designationst Known ligandst 
VLA integrins 

VLA-] a1 /By CDw49a/CD29 LA, Coll 

VLA-2 az/Bı CDw49b/CD29 Coll 

VLA-3 a3/By CDw49c/CD29 LA, Coll, FN 

VLA-4 ota / By CDw49d/CD29 FN 

VLA-5 as/ By CDw49e/CD29 FN 

VLA-6 asl By CDw49f{/CD29 LA 
Leucocyte integrins 

LFA-1 ajf CD1la/CD18 ICAM-1 

Mac 1 auj B 2 CD11b/CD18 C3bt 

p150,95 ax/ bı CD11c/CD18 C3bt 
Cytoadhesion integrins 

VNR oy / Bs CD51/CD61 VN 

gplb/Ila anp/ f3 CD41/CD61 VN, FN, FB, vWF 


*VLA, very late activation; LFA-1, lymphocyte function antigen-1; 
VNR, vitronectin receptor, gp, glycoprotem. 

TCD demgnations CDw49a, c and e are as yet not formally established, 
but seem likely. 

+LA, laminin; Coll, collagen; FN, fibronectin; ICAM-1, intercellular 
adhesion molecule-1; VN, vitronectin; FB, fibrinogen; vWF, von 
Willebrand factor. 


with known or suspected cutaneous T-cell lymphomas 
(CTCL) were classified in accordance with standard 
criteria (Table 2).? 


Processing and staining of biopsy samples 


Fresh samples were frozen in a mixture of 2-methylbu- 
tane and dry ice and stored at — 80°C. Cryostat sections 
were air-dried overnight at room temperature, fixed in 
acetone for 10 min and then stained with an IgG] 
antibody (4B4) against the common £ chain of the VLA 
integrin family.’ In all cases, the phenotype of the T-cell 
infiltrate was further examined by staining with anti-T- 
cell antibodies, anti-Leu 4 (CD3), anti-Leu 3 (CD4), anti- 


No. of CD29F, CD29-, 
Diagnosis cases CD45R7 CD45Rt 
MEF, suspected 18 18 0 
MF, plaque stage 8 7 0 
MF, tumour stage 12 6 1 
Sézary syndrome 8 8 0 
CTCL, large cells Il 7 2 


CD29", 
CD45R* 
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Leu 2 (CD8), UCHL1 (CD45RO) and 2H4 (CD45R). 
Selected cases with unusual expression of these antigens 
were also stained with OKT6 (CD1), anti-Leu 5 (CD2), 
anti-Leu 2 (CD5), anti-Leu 9 (CD7), anti-Leu 8, BF1 
(against a framework determinant on the T-cell receptor 
(TCR) $ chain)? and TCRÂI (against a framework 
determinant on the TCR ô chain).!° The staining was 
performed using a three-stage immunoperoxidase 
method.’ 

Positive controls were performed by staining lym- 
phoid organs with benign hyperplasia, and negative 
controls by omitting the primary antibodies. 


Results 
Normal skin (n= 17) 


In normal skin, staining with 4B4 (CD29) labelled 
fibroblasts, nerves, endothelial cells and basal keratino- 
cytes (Fig. la). Keratinocytes in the stratum spinosum 
and stratum granulosum were CD29-negative, and 
staining of Langerhans cells was not observed. The 
glandular and follicular epithelium was positive, but 
reacted more weakly than the basal keratinocytes. Basal 
membranes around blood vessels were strongly CD29- 
positive in all ‘cases (see Fig. La). In contrast, no staining 
was seen of the basal membranes underneath the 
surface epithelium. 

In all specimens, small numbers of T lymphocytes 
(positive for CD3) were present in the dermis and/or at 
the dermo-epidermal junction. The great majority of 
these cells were positive for CD29 and resembled antigen 
committed ‘memory’ (helper/inducer) cells in phenotype 
(CD4*, CD29*+, CD45RO*). 

Staining with CD8 showed scattered positive cells and 
most of these were present at the dermo-epidermal 
junction. Staining with CD45R (2H4) was negative or 
confined to occasional cells in the epidermis and/or 
dermis. 


Table 2. Expression of CD29 (4B4) and 
CD297, CD45R (2H4) in cutaneous T-cell lymphomas 


CD45R~ 
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MF, mycosis fungoides; CTCL, large cells, cutaneous T-cell lymphomas of pleomorphic (n= 9) or 


anaplastic (n= 2) subtype. 
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Figure 1. Biopsy samples from (a) normal skin ( x 300), (b) lichen planus ( x 400) and (c) early mycosis fungoides ( x 400) stained for VLA p (CD29) 
with the use of a three-stage immunoperoxidase method. The reactivity pattern is similar in the three biopsies. In all cases, there is a labelling ol 
lymphocytes, fibroblasts, endothelial cells and keratinocytes. In normal skin (a), staining of the keratinocytes is confined to the basal cells. In diseased 
skin (b and c). there is also labelling of superficial keratinocytes in the stratum spinosum. Note that the dark material seen in the stratum granulosum in 
the normal skin in (a) does not represent immunoreactive material, but results from the staining of cytoplasmic keratohyalin and pyknotic nuclei with 
haematoxylin. 


Benign cutaneous disorders (n= 26) were also CD29-positive, including not only the basal 


cells, but also superficial cells in the stratum spinosum 


Staining with 4B4 (CD29) in various benign inflamma- 
tory disorders showed a similar pattern of reactivity and 
differences between individual disorders were not 
observed. In all cases, CD29 reacted with fibroblasts, 
nerves and endothelial and adnexal cells. Keratinocytes 


Table 3. Phenotype of the neoplastic T cells 
in 11] patients in which unusual expression 


(Fig. 1b). 

All the benign cutaneous disorders studied showed 
dermal and epidermal infiltrates of CD3-positive T cells. 
The majority of these cells expressed a phenotype similar 
to that of T cells seen in normal skin, being positive for 














Case CDI CD2 CD3 CD4 CD5 CD7 CD8 CD29 CD45R CD45RO BFI TCRA1 Leu 8 
of CD29 and CD45R was seen 
Mycosis fungoides, plaque 
l -- + + + - — + 
Mycosis fungoides, tumour 
2; _ + + + _ = -~ ł 
3. + — + — — + + = 4 - 
4. t + + + + ‘ { + 
5. — + - -= = - + + + -~ + 
fy. - -— + - E + - - + - - 
7. + + - + — — t + 7 - 
CTCL, pleomorphic or anaplastic 
ï, Ea + + + - - — =- - + sa 
9, - — + + i + - + + + ~ 
10). - + + + t - — = + t + 
l1. - - + _ + + + — + 4 _ 
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CD4, CD29 and CD45RO. Many CD45R (2H4)-positive T 
cells were seen in one case of lichen planus and one of 
eczema. The biopsy samples from the remaining 24 
benign cutaneous disorders contained none or only very 
few CD45R (2H4)-positive cells. A predominance of 
CD8-positive cells was not seen in any of the cases. 


Cutaneous T-cell lymphomas (n= 57) 


In cutaneous T-cell lymphomas (CTCL), staining of 
keratinocytes, fibroblasts, nerves and endothelial and 





adnexal cells was similar to that seen in the benign 
cutaneous disorders described above (Fig. 1c). 

The results from the labelling of the infiltrating T cells 
are summarized in Table 2. In suspected CTCL, the 
phenotype of the T-cell infiltrate was similar to that seen 
in normal skin and benign cutaneous conditions (CD4°, 
CD29*, CD45RO°*). In these cases, staining with CD8 
and CD45R (2H4) was negative or confined to occasio- 
nal cells. Similar findings were seen in Sézary syndrome 
and in all but one of the plaque lesions of mycosis 
fungoides (MF). The T cells in the remaining plaque 


Figure 2. A cutaneous T-cell lymphoma of 
pleomorphic subtype stained with (a) CD29 
(4B4 = 400) and (b) CD45R (2H4 x 400), 
The neoplastic cells are positive for both 
molecules. 


Figure 3. A cutaneous T-cell lymphoma of 
anaplastic subtype stained with (a) CD29 
(4B4 = 400) and (b) CD45R (2H4 x400). 
The neoplastic cells are negative for both 
molecules. 


lesion were negative for both CD29 and CD45R, and the 
phenotype of these cells is summarized in Table 3. 

In the tumour lesions of MF (n= 12) and the large cell 
lymphomas of pleomorphic or anaplastic subtype 
(n=11), staining with CD29 (and CD45R) was much 
more variable. The neoplastic cells in 10 of these cases 
were elther CD29~ CD45R* or negative (or positive) for 
both molecules (Table 2, Figs 2 and 3). Examination of 
these infiltrates with a more extensive panel of anti-T- 
cell antibodies showed that most lymphomas with 
unusual expression of CD29 and CD45R had multiple 
immunophenotypic abnormalities (Table 3). 


Discussion 

The VLA antigens were first identifled on in-vitro acti- 
vated T lymphocytes and were so named because they 
appear very late after activation of T lymphocytes with 
lectin and/or antigen.’’ Subsequent studies helped to 
elucidate the molecular nature of these antigens, and it ts 
now clear that the VLA antigens are integrin molecules 
and that several of them act as receptors for extracellular 
matrix components.) 

Most previous studies on the expression of VLA B 
(CD29) have focused on isolated blood lymphocytes. 
These in-vitro studies have shown that two populations 
of CD4-positive T cells may be disintinguished depending 
upon the presence or absence of CD29. The CD29- 
positive CD4 cells are negative for CD45R (2H4) and 
positive for CD45RO (UCHL1) and act in vitro as antigen 
committed ‘memory’ (helper/inducer) cells.*:!? Circulat- 
ing CD4 cells with the reciprocal phenotype (CD29~, 
CD45R+t, CD45RO~) behave as virgin (or naive) cells 
and can induce suppression in immune reactions.}” 
Knowledge of the expression of VLA $ in intact tissues 
such as biopsy samples, is more limited. 

In this study, we have examined biopsies from normal 
skin and various cutaneous disorders for reactivity with 
an antibody (CD29) against the common f chain of the 
VLA integrin family. The results confirm and extend 
other recent reports and indicate that CD29 recognizes a 
number of cell types in normal skin: fibroblasts, endothe- 
lial cells, T lymphocytes and basal keratinocytes.131* In 
our study, labelling of Langerhans cells was not 
observed. This is in keeping with another light micro- 
scopic study of normal skin,!*? but contrasts with the 
report of Staquet et al. in which VLA f was identified on 
Langerhans cells by immunoelectron microscopy.'* The 
reason for this discrepancy is not clear but it may relate 
to the sensitivity of the detection assay. Thus Staquet et 
al.'* reported that the density of VLA f is much lower on 
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Langerhans cells than on other cell types. It is possible 
that a small number of VLA f molecules may not be 
detectable by immunohistological examination ata light 
microscopic level. 

The expression of VLA f in benign cutaneous dis- 
orders has been studied by Bos et al.1° These authors 
focused upon the infiltrating T cells and reported that the 
T cells in specimens from 23 patients expressed a similar 
phenotype and were positive for CD4 and CD29 and 
negative for CD45R (2H4). The similar findings in this 
study support the view that most benign cutaneous T- 
cell infiltrates show a predominance of T cells which 
resemble antigen-committed ‘memory’ (helper/inducer) 
cells in phenotype. In this study, occasional benign 
cutaneous T-cell infiltrates contained many 
CD45R(2H4)-positive suppressor/inducer-like cells. This 
contrasts with the earlier report, but may not be 
surprising in view of the fact that interactions between 
inducers of help (CD29*) and suppression (CD45R*) are 
required during normal immune reactions.” 

In the study of Bos et al.!° no data were given as to the 
expression of VLA ß by non-lymphoid cells. Our results 
indicate that there is an upregulated expression of VLA f 
on keratinocytes in inflammatory conditions as com- 
pared with keratinocytes in normal skin. The implica- 
tion of this finding is not clear. However, tt does suggest 
that VLA 8 may be important for the migration of 
keratinocytes during tissue repair and remodelling in 
diseased conditions. 

Knowledge concerning the expression of VLA f (and 
other antigens on immunoregulatory T-cell subsets) in 
CTCL is limited. Sterry and Mielke studied specimens 
from 23 patients and reported that the neoplastic T cells 
resembled antigen-committed memory cells (CD4?t, 
CD29+, CD45RO+t, CD45R~) in all cases.!© In their 
study aberrant expression of T-cell antigens was not 
identified. In another report of 15 patients, two cases 
were seen in which the neoplastic T cells were positive 
for both CD45RO and CD45R.!’ The present study 
confirms and extends this latter report and indicates that 
aberrant (or unusual) expression of CD29 and CD45R is 
not uncommon in CTCL. Some cases are dissimilar from 
known, normal T-cell subsets and are negative (or 
positive) for both molecules. Others are unusual in that 
they do not resemble memory T cells, but express the 
reciprocal phenotype (CD29~, CD45*) normally seen on 
naive T cells.1? 

In this study these aberrant (or unusual) T-cell 
phenotypes were seen almost exclusively in advanced 
CTCL. By contrast, in the early lesions the expression of 
CD29 and CD45R (and other T-cell antigens) was similar 
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to that seen in benign disorders. Taken together, these 
findings support the view that fundamental differences 
exist between early and advanced CTCL. It is conceivable 
that there is a progressive accumulation of increasingly 
malignant (or transformed) cells in the advanced stages, 
and this may account for the greater frequency of 
aberrant (or unusual) expression of T-cell antigens, such 
as for example VLA ß, in these conditions. Whether 
differences also exist with respect to the expression of 
VLA a chains between the T cells in benign cutaneous 
T-cell infiltrates and early and advanced CTCL is not yet 
known. 
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Summary 


Large subsets of leucocytes were recently shown to express the low affinity receptor for the Fc portion 


of IgE. Because Langerhans cells (LC) are epidermal leucocytes, we investigated whether LC of normal 
human subjects might express this receptor. Whereas conventional immunofluorescence on 
epidermal sheets gave negative results, highly sensitive immunoelectron microscopy revealed that a 
subset (about one-third) of freshly isolated LC express the CD23 molecule. 


The low affinity receptor for the Fc portion of immuno- 
globulin (Fc-Ig) E is a single-chain glycoprotein that 
consists of 321 amino acids, orientated with its amino- 
terminus on the cytoplasmic side’ and its carboxy- 
terminus outside the cell.’ In contrast to other Fc-Ig 
receptors, it has not evolved as a member of the 
immunoglobulin supergene family, but has substantial 
homology with several animal lectins.? 

Human epidermal Langerhans cells (LC) express vari- 
ous membrane receptors. Using rosette assays LC were 
shown to bear the Fc-IgG receptor and the C3 receptor.’ 
Recent investigations with monoclonal antibodies 
(MAb) have clarified the type of receptor present at the 
LC surface and have demonstrated that LC bear the 40- 
kDa Fc receptor for mouse IgG1,° as well as the C3bi 
receptor.*° 

Subsets of normal human peripheral blood leucocytes, 
including monocytes, T and B lymphocytes, platelets, 
eosinophils and natural killer (NK) cells, express the low 
affinity Fc receptor for IgE: Fc,RII/CD23.° Because LC, 
which are known to belong to the monocyte-macro- 
phage lineage, are considered epidermal leucocytes,”* 
we investigated whether this receptor was present at the 
surface of LC of normal human epidermis using im- 
munostaining procedures, including a pre-embedding 
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immunoelectron microscopy (IEM) method, using two 
anti-Fc,RI/CD23 MAb.? 


Methods 


Normal human skin specimens were obtained from five 
healthy volunteers, age range 23-58 years, and 
removed from either the breast or abdomen. 


Reagents 


The MHM6 (IgG1) MAb (Dakopatts, Glostrup, Denmark) 
and the HD50 (IgG2b) MAb (Oxford Workshop on 
leucocyte differentiation antigens, 1986; provided by Dr 
Soligo, Milan) were used as anti-CD23 MAb. The 
following secondary antibodies were used: fluorescein 
isothiocyanate-conjugated F(ab’). goat anti-mouse IgG 
antibody (Tago, Inc., Burlingame, CA, U.S.A.) for im- 
munofluorescence (IF) and _ peroxidase-conjugated- 
F(ab’), sheep anti-mouse Ig antibody (Amersham, Buck- 
inghamshire, U.K.) for immunoperoxidase (IP) IEM 
labelling. Control immunoreagents included purtfled 
mouse unreactive Ig fractions of the isotypes IgG] and 
IgG2b (Chemicon International Inc., El Segundo, CA, 
U.S.A.) and purified anti-CDla MAb (Becton-Dickinson 
Monoclonal Center, Mountain View, CA, U.S.A.). 


Immunofluorescence studies on epidermal sheets* 


Fresh biopsy samples were trimmed and floated on a 
0:25% solution of trypsin (Gibco, Paisley, U.K.) in 
Hanks’ balanced salt solution (HBSS, Gibco) for 45 min 
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at 37°C. The epidermal sheets, after being washed in 
phosphate-buffered saline (PBS), were incubated for 
indirect immunostaining with (first layer) the anti-CD23 
MAb (or the control anti-CD1a MAb on separate sheets) 
at varying dilutions in PBS for 6 h at 4°C, followed by 
(second layer) the fluorescein {tsothiocyanate-conju- 
gated secondary antibody diluted 1:10 in PBS for 12 hat 
4°C, After washes in PBS and mounting in PBS/glycerol, 
the sheets were examined under a Zeiss fluorescence 
microscope. 


Epidermal cell suspension and Langerhans cell enrichment 


The skin specimens were sliced with a keratotome and 
these slices were floated, dermal side down, on ammo- 
nium thiocyanate solution as previously described.'° 
The resulting epidermal sheets were treated with 0-25% 
trypsin in HBSS for 10 min at 37°C, shaken and pipetted 
in HBSS supplemented with 10% heat-inactivated fetal 
calf serum (FCS, Gibco). The resulting suspended cells 
were sedimented by centrifugation, resuspended and 
washed in RPMI-1640 medium with 10% FCS (RPMI- 
FCS). 

For LC enrichment, epidermal cells (EC) dispersed in 
20 ml RPMI-FCS (5 x 10° cells/ml) were layered on 10 
ml of the Ficoll-Hypaque (Pharmacia Fine Chemicals, 
Uppsala, Sweden) gradient, and subsequently centri- 
fuged at 1000 g for 45 min, collected and resuspended in 
RPMI-FCS. The percentage of LC enrichment was 
approximately 15%. The viability, assessed by eosin 
exclusion, was higher than 90%. 


Immunoelectron microscopy studies on suspended cells 


LC-enriched EC, after prefixation with 0-1% glutaralde- 
hyde in 0-1 M sodium cacodylate buffer for 10 min, and 
quenching of aldehyde groups by 50 mM glycine, were 
subjected to a blocking pretreatment, including PBS 
with 1% bovine serum albumin (BSA, Sigma, St Louis, 
MO, U.S.A.), 0:2% sodium azide and 10% decomple- 
mented human AB serum, for -30 min at 4°C. After 
washings in PBS-0-1% BSA, the anti-CD23 MAb were 
applied to specimen cells at varying dilutions in PBS-1% 
BSA for 30 min at 4°C. After washes in PBS-0-1% BSA, 
the peroxidase-conjugated secondary antibody was 
used, diluted 1:10 in PBS-1% BSA, for 60 min. After 
several washings in PBS-0:1% BSA, the cells were 
incubated with 3,3’ diaminobenzidine diluted 0:5-1 
mg/ml in Tris-HCl buffer containing 0:01% hydrogen 
peroxide, for 5 min. After washing in Tris-HCI buffer, the 
cells were finally fixed with 1% glutaraldehyde in 0-1 M 


cacodylate buffer, subsequently packaged in Agar (Difco 
Laboratories, Detroit, MI, U.S.A.), postfixed with osmium 
tetroxide reduced with potassium ferricyanide, dehyd- 
rated, embedded, ultracut and examined according to 
standard ultrastructural procedures. Fifty LC were consi- 
dered per sample, and the number of peroxidase-positive 
LC was scored. 


Controls 


For both IF on epidermal sheets and IP labelling tn IEM, 
the negative controls consisted of replacement of the two 
MAb by mouse unreactive Ig fractions of the same 
isotypes (IgG1 and IgG2b) and replacement of the MAb 
by buffer solution. A positive control for immunofluores- 
cence was the use of the anti-CD1a MAb instead of anti- 
CD23 MAb on the control epidermal sheets. As a final 
control the peripheral blood mononuclear cells (PBMC) 
were exposed to the same treatment, to determine 
whether the ammonium thiocyanate and the slight (10 
min) trypsin exposure would alter the percentage of 
positive cells and the intensity of staining. 


Results 


No dendritic CD23-positive EC were visible using IF 
although some weak staining could occasionally be 
observed. By contrast, the LC in the control sheets were 
CD 1a-positive.* 

Under the electron microscope, epidermal cells show- 
ing the ultrastructural patterns of LC, including Birbeck 
granules, were considered CD23-positive if peroxidase 
deposits were detectable on the cell surface of positive 
cells (Fig. 1) especially at high magnification (Fig. 1b), 
and 31-24 6:89 LC were positive. Keratinocytes (Fig.1) 
and melanocytes were negative for CD23. No peroxidase 
deposits were observed on the surface of control LC (Fig. 
2), and slightly trypsinized PBMC consistently gave 
results similar to those obtained on untrypsinized PBMC. 


Discussion 

This study is the first to clearly demonstrate that a subset 
of LC, freshly isolated from normal human epidermis, 
expresses the antigen CD23. Unstimulated resting LC 
were recently shown to be negative for M-L25 and 3-5 
(CD23), as assessed by indirect IF and rosette assay;'! in 
other experiments specific rosette formation was seen 
only occasionally.!* Similarly, IF staining of epidermal 
sheets in the present study gave apparently negative 
results. However, a subset of LC was shown to be CD23- 


CD23* EPIDERMAL LANGERHANS CELLS 535 


` S an k 

N, SS 

p ~~. eu fT Oe, 
L 


Figure 1 (a) Suspension of epidermal cells. 
including two CD2 3-positive (peroxidase- 
labelled) Langerhans cells (LC) and some 
CD23-negative (peroxidase unlabelled) 
keratinocytes (K) ( x 8000). (b) Higher 
magnification of the area boxed in (a). 
Peroxidase deposits are visible on the surface 
of the CD2 3-positive Langerhans cell, but are 
lacking on the surface of the adjacent CD23- 
negative keratinocyte ( x 23,000), 


positive using IEM (Fig. 1), presumably due to the higher 
resolution provided by this ultrastructural technique. 
The expression of CD23 on LC may not be fortuitous, 
since spatial and functional associations have been 
demonstrated on the membrane of leucocytes between 
CD23 and other molecules known to be expressed by 
resting human LC. CD23 was thought to be spatially 
associated with CDla antigen,'* and was found to be 
associated with HLA-DR antigen on B cells.'* It is well 
established that CDla and HLA-DR are two of the most 





characteristic markers of LC.'* Also, CDw40 a surface 
protein of 50 kDa which is also present on the surface of 
a subset of resting human LC,'*> was found to be 
associated with CD23 on lymphocytes and macro- 
phages.'® In addition, CD23 was shown in functional 
assays to act in synergy with the C3bi receptor,'’ which 
is expressed on the surface of normal resting LC.*” 

It was postulated that CD23 plays an important role in 
antigen presentation because of the steric relationship 
between CD23 and HLA-DR.'? A function for CD23 has 
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also been shown in the mixed lymphocyte reaction 
(MLR) and in the stimulation of T cells by specific 
antigens presented on EBV-transformed B cells,'* and 
soluble CD23 preparations can be co-stimulatory with 
certain mitogens for mature T cells.'*:'? Further, LC from 
atopic patients can present in-vitro inhalant antigens to 
T lymphocytes, and IgE molecules on LC were shown to 
be involved in the presentation of this antigen.” LC are 
well known to have antigen-presenting capacity 
(APC),2!*2 and CD23, expressed by a subset of LC, may 
have a role as a cofactor in the APC function, even in 
normal resting epidermis. 

CD23 may also be involved in the adhesive functions 
of LC. The Arg-Gly-Asp (RGD) triplet of amino acids’ is 
common to a number of molecules (i.e. fibronectin, 
laminin, vitronectin, collagen) that bind to receptors 
expressed by members of the integrin family of receptors, 
some of which are involved in cell-cell adhesion reac- 
tions.!*23 In CD23 the RGD motif is located at the 
extracellular end and well outside the three compact 
heads formed from three cysteine pairs within the lectin 
homology region; this suggests that it could be available 
for binding to receptors on adjacent cells.'* Such an 
interaction accounts for example, for the close associ- 
ation between the integrin gpllb/IIla and the CD23 
expressed on platelets.'** We may therefore speculate 
that the normal resting LC subset expressing CD23 may 
interact, through this molecule, with cells expressing on 
their surface glycoproteins of the integrin family of 


Figure 2. Negative control. A mouse 
unreactive fraction, of the same isotype, was 
used instead of the anti-CD23 MAb. Note 
that labelling is completely absent on the cell 
membrane of this control Langerhans cell 

(x 15.000). 


receptors, such as keratinocytes*”*" and mononuclear 
leucocytes.” 
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Summary 


We report the stimulation of elastase activity of human skin fibroblasts by interleukin-1f (IL-1). 


Elastase activity was determined by the hydrolysis of the synthetic substrate succinoy] trialanine 
paranitroantlide (Suc(Ala3)NA). Recombinant human IL-18 induced a concentration-dependent 
increase in the elastase activity of fibroblasts. The supernatants of keratinocyte cultures that 
contained IL-1/ETAF showed similar stimulatory activity. 


Interleukin-1 (IL-1) is a widely found cytokine that ts 
involved in various inflammatory, metabolic and immu- 
nological reactions. The action of IL-1 on fibroblasts 
results in the stimulation of their growth? and enhance- 
ment of collagenase production?* and inhibition of 
fibronectin synthesis.” The keratinocytes produce large 
amounts of IL-1/ETAF®’ and the epidermis is a major 
site for the biosynthesis of IL-1 in humans.* Thus IL-1 is 
an important mediator of keratinocyte—fibroblast inter- 
_ actions in the skin. We report on a new property of IL-1 
on human skin—the stimulation of the elastase activity 
of fibroblasts. 


Methods 
Fibroblast cultures 


Skin was obtained from three individuals aged 20—40 
years undergoing plastic surgery. The dermal fibroblasts 
were cultured using an explant technique and cells 
between the 5th and 10th passage were plated at a 
concentration of 4 x 10* cells/cm? in 60-mm-diameter 
Petri dishes and cultured in a CO2 incubator at 37°C 
using Dulbecco’s modified Eagle’s medium (Gibco, Grand 
Island, NY, U.S.A.) supplemented with 5% fetal calf 
serum and 100 U/ml penicillin and 100 ug/ml strepto- 
mycin.? When the monolayer reached 90% confluence 
(1 x 10° cells) the culture medium was removed and the 
cells were then washed. Fresh culture medium was 
added with or without recombinant human cytokines or 
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keratinocyte-conditioned medium. After incubation for 
4, 24, 48, 72 and 96 h the supernatants were removed 
and the cell layers washed twice with 0-1 m Tris HCl 
buffer (pH 7:3) and the cells then scraped off from the 
plate and resuspended in buffer. They were either used 
immediately or stored at — 20°C. The number of fibro- 
blasts in parallel cultures was recorded using a Coulter 
counter. 


Epidermal cell cultures and supernatants 


Epidermal cell cultures were grown in 75-cm? culture 
flasks. PAM 212 cells were cultured using Dulbecco’s 
modified Eagle’s medium and normal human keratino- 
cytes were grown to confluence as previously de- 
scribed.1° The culture medium was replaced and the 
cultures incubated for an additional 48 h. The epidermal 
cell culture supernatant removed after this 48 h period ts 
referred to as ‘conditioned medium’. 


Enzyme assays 


The cells were disrupted by ultrasound and were then 
centrifuged at 5000 g for 10 min and the supernatant 
collected for determination of elastase activity. This was 
measured according to the method of Bieth et al.'! using 
the synthetic elastase substrate succinoyl trialanine 
paranitroanilide (Suc(Ala3)NA). Previous studies have 
shown that partially purified elastase from dermal 
fibroblasts is able to hydrolyse the substrate and exhibit 
elastolytic activity for human skin elastic fibres.?4 
Briefly, aliquots of cell extracts were added to the 
reaction medium containing Tris buffer at pH 8-3 with 5 
mM CaCl, 0-02% NaN; and 0-1% Brij. The reaction was 
started by the addition of a 100 mm stock solution of 
Suc(Ala3)NA dissolved in N-methyl-2-pyrrolidone to 
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give a final concentration of 1 mm. The enzyme- 
substrate mixture was incubated for 1 hin a 25°C water 
bath. The enzymatic reaction was stopped by the 
addition of glacial acetic acid. The release of paranitro- 
anilide was recorded with time. The specific elastase 
activity was expressed as IU, i.e. nmoles of substrate 
hydrolysed/min/mg of protein. The protein content was 
determined according to the method of Lowry. 


Human recombinant cytokines 


Human recombinant IL-1 (specific activity 2-5 x 107 
U/mg), IL-3 (specific activity 1-4 x 107 U/mg) and GM- 
CSF (specific activity 1-1 x 10° U/mg) all obtained from 
Glaxo IMB, Geneva, were used. 


Statistical analysis 


Statistical analysis was performed using the software 
Statview IJ and a Macintosh II CX. One factor analysis of 
variance (ANOVA) and regression analysis of the different 
values were used. The results are given in the legends to 
the figures and tables. 


Results 


Stimulation of human dermal fibroblast elastase activity 
by IL-1B 


Pre-incubation of subconfluent fibroblast cultures with 
IL-1 f at doses varying from 0-1 to 100 U/ml resulted in a 
dose-dependent increase in the elastase activity (Fig. 1). 
The optimal concentration of IL-1 of 10-100 U/ml 
induced a 70-100% enhancement of the activity of the 
enzyme. This stimulatory effect was detectable as early 
as 4 h after the addition of IL-1 to the culture and 
reached at plateau at 48 h (Fig. 2). The enhancement of 
elastase activity per mg of protein excluded the possibi- 
lity that it resulted from an increase in protein synthesis 
induced by IL-1. Nor was it due to IL-1 alone as indicated 
by the absence of hydrolysis of Suc(Ala;)NA without the 
fibroblasts. The increase in elastase activity appeared to 
be specific for IL-1 because IL-3 and GM-CSF were 
ineffective at the various doses tested. 


Stimulation of fibroblast elastase activity by keratinocyte- 
conditioned medium 


The conditioned medium obtained from the cultures of 
normal human keratinocytes (NHK) and from PAM 212 
cells both enhanced the elastase activity of fibroblasts to 
a degree similar to that obtained using IL-1 (Table 1). A 
similar pattern of elastase induction was found with both 
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Figure 1. Effect of IL-1. IL-3, GM-CSF and of keratinocyte-derived 
soluble factors (from PAM 212 cells) on fibroblast elastase activity. 
Results (mean + SEM of triplicates) of one out of three experiments are 
given: they are expressed as per cent increase in fibroblast elastase 
activity induced by the various samples compared to the elastase 
activity of unstimulated fibroblasts. The standard error of the mean 
was always below 5% and was omitted. O, 0-1 U/ml: @, 10 IU/ml: &, 
100 IU/ml. 
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Figure 2. Kinetics of induction of elastase activity in response to control 
medium, IL-18 (100 IU/ml) or keratinocyte-derived supernatant. 
Results (mean + SEM of duplicates) of one out of three experiments are 
given, expressed as international units (U) of elastase activity. -O-, 
control ~@-—, Pam 212: W, IL-1 {100 10). 
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rh IL-1 beta (IU/ml) 





Cell type Medium NHK sup PAM sup 0-1 

Fl 2940-1 4:3+0-1 4:8401 3 640:0 
(+48%) (+68%) (+25%) 

F2 8-140-4 11:5+0-6 10-941 ND 
(+43%) (+35%) 

F3 2*7+0 1 4:7+0-1 4:802 3-4401 
(+74%) (+76%) (+26%) 


Table 1. Effect of epidermal cell culture 
supernatants and of rh IL-1 on fibroblast 
elastase activity. Results (mean+SEM of 


10 100 a triplicates) are expressed as IU of elastase. 
Statistical analysis of the whole experiment 
47402 50401 using a one factor analysis of vanance 
(+63%) (+ 73%) showed that the differences were statistically 
significant (P=0-0001), Regression analysis 
ND ND - of the values for IL-1-Induced elastase 
activity showed that the differences were 
5 340-3 5-1401 statistically significant (P=0-0001) 
(+96%) (+ 88%) 


NHK sup: supernatant from normal human keratinocyte culture; PAM sup: supernatant from 


PAM 212 cell culture 


IL-1 and keratinocyte-conditioned medium (Fig. 2). The 
conditioned medium obtained from the cultures of 
normal human dermal fibroblasts without any H-1 
activity did not have any effect on elastase activity. 


Discussion 

Elastases are a group of metallo-proteases that are 
produced by several cell types including polymorpho- 
nuclear neutrophils (PMN), macrophages!* and fibro- 
blasts. This is a heterogeneous group because the 
substrate for PMN elastase is collagen type IV,/* whereas 
the elastic fibres are the target for dermal fibroblast 
elastase.'> Recent studies have shown that fibroblast 
elastase activity could be attributed to the joint action of 
an endopeptidase and an aminopeptidase for the in-vivo 
and in-vitro degradation of elastic fibres.16 Little is known 
of the regulation of the synthesis of elastase by fibroblasts 
and several proteinase inhibitors produced by these cells 
could modulate their elastase activity.!’ 

We have shown in this present study that recombi- 
nant IL-18 strongly stimulates the synthesis of elastase 
by normal human fibroblasts. Also, IL-1/ETAF produced 
by cultures of human keratinocytes has the same effect. 
This suggests that keratinocyte—fibroblast interactions in 
vivo could play an important role in affecting the 
metabolism of elastic fibres. Keratinocytes also produce 
an elastase inhibitor induced by spontaneous or experi- 
mental inflammation.!® Thus epidermal cells secrete 
soluble factors that can regulate the metabolism of the 
elastic fibres, and can modulate the metabolism of 
collagen by the production of collagenase and collage- 
nase inhibitor.!? IL-1 could drive fibroblasts to produce 
proteases with the ultimate degradation of elastic fibres. 
This agrees with recent data that show that IL-1 plays an 
important role in the metabolism of the dermal extra- 


cellular matrix.° Because IL-1 is one of the major 
mediators of skin inflammation, our results also suggest 
that IL-l-induced stimulation of fibroblast elastases 
could be involved in the elastolysis observed in some 
post-inflammatory dermatoses as seen in acquired cutis 
laxa. 
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Protein kinase C (PKC) activity was measured in cultures of fibroblasts from biopsies of the involved 
and uninvolved skin of seven patients with psoriasis and from the skin biopsies of nine normal 
controls. PKC activity was significantly increased (P < 0-005) in the particulate fraction of fibroblasts 
obtained from the involved areas of skin (450 +SEM 89 pmol/mg protein/3 min) and the uninvolved 
skin (394+: 94 pmol/mg protein/3 min) in psoriasis as compared to that of controls (103 +24 pmol/ 
mg protein/3 min). The soluble fraction of PKC activity was comparable in controls and in the 
fibroblasts obtained from involved areas and not significantly different from the values in fibroblasts 
from uninvolved skin. PKC activity was also measured in the soluble and particulate fractions of 
lymphocytes from 13 patients with psoriasis and from 14 normal controls. The PKC activity did not 
differ in the lymphocytes of patients with psoriasis from the controls in either the cytosolic or-the 


membrane fractions. 


The increase in PKC activity as expressed at the membrane level of psoriatic fibroblasts may be 
related to an increase in sensitivity of these cells to hormones or growth factors involved in the 


regulation of their growth. 


The lesions of psoriasis represent an example of benign 
hyperproliferation with abnormal differentiation.! 
Recent studies suggest that the dermis plays an impor- 
tant role in the development of the lesions in psoriasis.’ It 
has been suggested that there is an abnormal! growth of 
fibroblasts in the disorder*® and it is of interest to study 
the various factors that can modulate their growth and 
differentiation. These factors include cyclic AMP and 
calcium (Ca?+) which have been implicated in the 
regulation of cell growth and in the differentiation of 
cells as well as in malignant transformation.”® The 
cAMP and Ca?* appear to act through different protein 
kinases with cAMP mediated by protein kinase A 
(PKA).??° We have shown that PKA is decreased in 
psoriatic cells both in cultured fibroblasts and in circulat- 
ing red blood cells. The levels of PKA are also correlated 
with the severity of the disease./?! One of the mediators 
is the Ca**+ and phospholipid-dependent protein kinase C 
(PKC). This is present in various tissues and mediates the 
action of hormones, growth factors and oncogene 
products.13"1® Recent studies have described altered 
levels of PKC activity in psoriatic epidermis and the 
fibroblasts in patients with psoriasis, suggesting a role for 
this enzyme in the pathology.!718 

We have studied the activity of PKC in cultures of 


542 


fibroblasts from the involved and uninvolved areas of 
skin of patients with psoriasis and from the skin of 
normal controls. Activity has also been measured in 
circulating blood cells from patients with psoriasis and 
from normal controls. 


Methods 


Patients 


Fourteen healthy controls (five males, nine females) aged 
22—45 years (mean 35+2 years) and 13 patients with 
psoriasis (six males, seven females) aged 18-50 years 
(mean 38 +3 years) were studied. The protein kinase C 
activity of circulating lymphocytes of patients and 
controls was measured, as was that of cultured fibro- 
blasts from seven of the patients and from nine controls. 
All the biopsies were taken from the skin on the buttock. 


Materials 


Trypsin, collagenase (type II 5), histone type V, leupep- 
tin, ATP, phosphatidyl] serine and diolein were all 
obtained from Sigma. (° P)ATP was from Amersham 
and Dulbecco medium and glutamine were from Flow 
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Laboratories. Fetal calf serum was from Seromed 
(Munich, Germany). 


Cell cultures 


Cell cultures of human fibroblasts were obtained from 
skin biopsies taken from patients with psoriasis from 
both uninvolved and involved tissue. The fibroblasts 
were cultured in Dulbecco medium containing 10% fetal 
calf serum, 50 U/ml penicillin and 50 ug/ml of strepto- 
mycin and were plated on to a 100-mm cell culture dish. 
The medium was changed every 3 days. For protein 
kinase determinations the cells were used at their fourth 
or fifth passages. 


Lymphocyte preparations 


The blood samples were collected in tubes containing 
liquemin and were diluted in the same volume of Hank’s 
solution (Gibco). Lymphocytes were separated in Ficoll 
Plaque (Pharmacia) by centrifugation at 600 g for 30 
min. The clear ring of lymphocytes was collected with a 
Pasteur pipette and centrifuged at 400 g for 50 min. The 
pellet of lymphocytes was then resuspended and washed 
three times with Hank’s solution. 


Preparation of cellular fraction 


All procedures were performed at O-4°C. The cells were 
washed three times with phosphate-buffered saline and 
then harvested into homogenization buffer (20 mm Tris 
HCI pH 7-5, 2 mm EDTA, 0-33 M sucrose and 20 ug/ml 
leupeptin) and were then disrupted in a Dounce homoge- 
nizer. The homogenate was centrifuged at 800 g, for 10 
min and the supernatant then centrifuged at 12,000 
r.p.m. for 10 min in a microfuge. The supernatant was 
then used as the soluble fraction. The pellet (crude 
membrane fraction) was rehomogenized with solubiliza- 
tion buffer (20 mm Tris pH 7-5 , 2 mm EDTA, NP40 1% 
and 20 ug/ml leupeptin). After 1 h incubation at 4°C the 
solution was centrifuged for 5 min at 12,000 r.p.m. The 
supernatant (solubilized particulate fraction) was used 
as the source for the membrane-bound activity of PKC. 


Protein kinase assay 


The supernatant or the solubilized particulate fraction 
was loaded on DEAE cellulose columns (DE 52, What- 
man 0:7 x 3 cm) equilibrated with Tris buffer and the 


‘ columns were then washed with 10 ml of the buffer 


followed by 1:8 ml 0:05 m NaCl in the same buffer. PKC 


activity was then eluted with 2 ml 0-1 m NaCl and the 
activity determined by measuring the transfer of 3?P 
from (y**P)ATP to histone. The reaction was initiated by 
the addition of 50 ul of enzyme preparation to a reaction 
mixture containing 20 mm Tris HCl pH 7-5, 0:75 mm 
CaCl, 10 mm Mg acetate, 100 mm (y**P)ATP (100 
c.p.m./pmol), 25 ug histone and 16 pg/ml leupeptin, 
with or without 24 ug phosphatidyl serine and 0:8 ug 
diolein. Phosphatidy] serine and diolein were evaporated 
under nitrogen gas and sonicated in 5 ml Tris HCI pH 7-5 
for 3 min. Phospholipids were added to the reaction 
mixture just prior to the initiation of the reaction by the 
action of the enzyme. After incubation at 30°C for 3 min 
the reaction was terminated by the addition of 1 ml 25% 
trichloroacetic acid and the precipitate was collected by 
filtration over a millipore filter (0-45 jon). Filters were 
washed eight times/3 ml/wash with 5% trichloroacetic 
acid, dissolved in HP/b scintillation fluid and counted for 
radioactivity. Triplicate determinations agreed within 
+ 10%. To determine specific PKC activity the amount of 
32P incorporation in the absence of added phospholipids 
was subtracted from the amount of 74P incorporation 
into histone in the presence of phospholipids. 


Protein determination 


Protein concentration was determined by fluorimetric 
assay using bovine- serum albumin as the standard.!9 


PASI score 


The severity of the psoriasis was assessed as a PASI score 
as previously described.11:2° 


Results 


The PKC activity was measured and compared in both 
the soluble and particulate fractions of normal and 
psoriatic fibroblasts that were subconfluent (2-5 x 106 
cells/10-cm dish). This was of importance because PKC 
activity in the soluble and particulate fractions alters 
with cell density (Fig. 1). With increasing cell density 
there is an increase of PKC activity in the cytosol and a 
progressive decrease is noted on the plasma membranes. 
Growth-arrested cells at high density possess low mem- 
brane-associated PKC activity but in the soluble fraction 
this was markedly elevated over that noted in a rapidly 
growing population of cells. 

The values of PKC activity in the particulate fractions 
of fibroblasts grown to subconfluency from biopsies 
taken from the involved and uninvolved skin of eight 
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Figure 1. Variation of PKC acbvity in cytosol and membrane of normal 
fibroblasts with cell density. C kinase activity 1s expressed in pmole of 
32P incorporated per 3 min/mg protem, and the cell density in mg cell 
protein per dish. @, cytosol; O, membranes. 


patients with psoriasis and from nine control subjects are 
shown in Table 1. PKC activity was increased in the 
membrane fraction of psoriatic fibroblasts and the mean 
was 450+SEM 89 pmol/mg protein/3 min. It was 
significantly increased in the membrane fraction of 
fibroblasts from uninvolved skin in psoriasis, 394+SEM 
94 pmol/mg protein/3 min as compared to the controls, 
103:6+SEM 24 pmol/mg protein/3 min. There was no 
significant difference in the PKC activity of fibroblasts 
from involved and uninvolved skin in the psoriatic 
patients in the particulate fraction. 


In the soluble fraction, PKC activity in the fibroblasts 
from the involved skin of the patients with psoriasis, 
405+SEM 70 pmol/mg protein/3 min was similar to 
that of the controls, 393+SEM 66 pmol/mg protein/3 
min. PKC activity measured in the cytosol of the 
fibroblasts derived from uninvolved tissue from four 
patients with psoriasis was lower, 268 +SEM 71 pmol/ 
mg protein/3 min, but was not statistically different from 
the controls. 

The levels of PKC activity tn lymphocytes from 
patients with psoriasis as compared with normal con- 
trols are shown in Table 2. The difference found was not 
statistically significant. 


Discussion 


We have studied PKC activity in the particulate fractions 
at low cell density, and the increase of PKC activity in the 
cytosol of a growth-arrested population of cells. The 
subcellular distribution of PKC between soluble and 
particulate fractions is of importance. On stimulation of 
the cells, for example by hormones, growth factors or 
phorbol esters, the cytoplasmic PKC becomes associated 
with the plasma membranes where it is activated.*!-?3 
This alteration in the subcellular distribution of PKC 
may be an important regulatory mechanism to allow 
preferential calcium-mediated phosphorylation of speci- 
fic endogenous protein substrates, thus modulating 
calcium effects on such cellular processes as growth rate 
and morphology. 

In agreement with a previous study,'® we found an 
increased PKC activity in the membranes of psoriatic 
fibroblasts as compared to controls. PKC activity in the 


Table 1. Values of PKC activity ın soluble and particulate fractions of normal (nine subjects) and psoriatic (eight patients) fibroblasts. The seventy of 
psoriatic disease is expressed by the PASI score (cutaneous index). UIS, uninvolved skin; IS, involved skin. The results are expressed in pmoles of ?4P 


tncorporated/mg protein/3 min 


Normal 
Subjects Soluble Particulate Patients 
1 83 62 A 
2 346 140 B 
3 470 256 C 
4 422 58 D 
5 480 -l E 
6 782 70 F 
7 196 97 G 
8 310 102 H 
9 450 46 
Mean + SEM 393 +66 103-6424 


405 + 70/268+71 


450-6+ 89/394-2+494 


Psoriatic 
Soluble IS/UIS Particulate IS/UIS Cutaneous score 

522/442 372/636 23 
240/181 574/83 6°5 
504/322 743/507 6°4 
626/-— 128/-—— 16 
529/— 321/— 20-2 
288/126 685/303 15 
126/— 111/—~ 65 

ee po 671/442 9°5 
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Table 2. Values of PKC activity in soluble and 
particulate fractions of normal (14 subjects) 
and psoriatic (13 patients) lymphocytes. The 
results are expressed in pmol of 34P 
incorporated/mg protein/3 mn 


Normal 


Subjects Soluble 
4007 
2116 
5391 
3933 


WO BIA Om WN ee 
QO 
© 
on 


14 1353 


Psoriatic 
Cutaneous 
Particulate Patents Soluble Particulate’ score 
3772 A 5688 4973 23 
3504 B 796 691 6-5 
4297 C 5158 3274 6-4 
3088 D 1810 3947 16 
2046 E 1746 1754 20-2 
1959 F 1091 2824 15 
809 G — ——, 65 
1356 H 2320 1842 9:5 
1039 I 554 818 9:5 
4440 J 234 3383 23°4 
3320 K 4427 4127 19-3 
2320 L 3848 2998 9-6 
1696 M 1290 819 17:6 
2218 N 1251 1837 3 


Mean+SEM 1948+390 2561+305 


cytosol of fibroblasts of psoriatic patients was not 
significantly different when compared to that in the 
normal controls. These results are not in agreement with 
another study!” where a decreased PKC activity in 
fragments of epidermis from psoriatic subjects was 
found. The decreased PKC activity might be related to a 
down-regulation mechanism of PKC or a decrease in 
the synthesis of the enzyme. The PKC activity in the 
fibroblasts seemed to vary with the severity of the 
disease, and this might suggest that PKC activity in the 
membranes of psoriatic fibroblasts is first activated, 
before being down-regulated with the more severe 
disease. However, the values observed in patients with a 
high cutaneous score were also comparable to that 
found in normal subjects. On the other hand, increased 
activity of PKC at the membrane level suggests a greater 
sensitivity to hormones and growth factors. We recently 
demonstrated an increased sensitivity of psoriatic fibro- 
blasts to platelet-derived growth factor.** The highest 
PKC activity was observed in the membrane of rapidly 
growing fibroblasts and was decreased in growth- 
arrested cell (Fig. 1). 

The alterations in PKC activity in the fibroblasts was 
not found in the lymphocytes. There was no correlation 
of the PKC activity with the severity of the psoriasis, in 
contrast to what was found with fibroblasts.° 

Our studies have demonstrated alterations in the 
levels of both PKC and PKA activities in fibroblasts from 
patients with psoriasis. These changes may result in an 
abnormal phosphorylation of specific mediators in the 
regulation of growth of the fibroblasts in psoriasis.! +1? 
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Summary 


The neuropeptides vasoactive intestinal polypeptide (VIP), substance P and somatostatin were studied 


in skin biopsies from patients with eczema, psoriasis and axillary hyperhidrosis. VIP concentrations 
were elevated in skin affected by eczema and psoriasis, whereas substance P and somatostatin levels 
did not differ from controls. There was a higher concentration of VIP, but not of substance P or 
somatostatin, in normal axillary skin when compared to adjacent trunk skin, with abundant VIP- 
containing fibres surrounding eccrine sweat glands. The VIP concentration was unchanged tn skin 
affected by axillary hyperhidrosis. VIP may increase local blood flow in eczema and psoriasis, but does 
not appear to play a role in axillary hyperhidrosis. 


A number of neuropeptides have been demonstrated in 
cutaneous nerves:'’ substance P and somatostatin are 
present in sensory fibres, while vasoactive Intestinal 
polypeptide (VIP) coexists with acetylcholine in post- 
ganglionic sympathetic fibres. Substance P is a vasodila- 
tor in skin, and may mediate the axon reflex flare 
response, as may other neuropeptides such as calcitonin 
gene-related peptide (CGRP), VIP and somatostatin.®? 
VIP is a potent vasodilator, and may augment sweat 
secretion.!!° Peripheral tissue injury and inflammation 


results in altered expression of neuropeptides, which . 


may play a role in pathological processes.!!:14 Neuropep- 
tides may also serve as selective markers of nerve fibre 
loss and regeneration, and act as trophic agents. We 
have studied the neuropeptides VIP, substance P and 
somatostatin in affected skin from patients with eczema, 
psoriasis and axillary hyperhidrosis. 


Methods 


Full thickness biopsies (0: 3-0-7 g) of affected non-digital 
forearm skin were taken, with informed consent, from 
patients with atopic eczema (n=15, age range 24-45 
years), chronic psoriasis (n= 9, age range 30-55 years) 
and axillary hyperhidrosis (n=6, age range 28-42 
years), using a local anaesthetic. The patients had not 
taken any medication for at least a week prior to biopsy. 


Correspondence: Professor $.R.Bloom, Department of Medicine, Ham- 
mersmith Hospital, Du Cane Road, London W12 OHS, U.K. 


Seven biopsies of normal non-digital forearm and periax- 
Hary skin (n=7) were obtained in the same manner 
with informed consent from age-matched subjects 
undergoing surgical operations for unrelated disorders. 
For radioimmunoassay, the biopsies were frozen within 
minutes of collection and stored at — 70°C. The peptide 
content was extracted by boiling the tissues in 0:5 M 
acetic acid (1:10, w/v), and the extracts assayed for 
substance P, somatostatin and VIP using previously 
described specific assays.* The sensitivity of each assay 
was 0-3 fmol per assay tube. Chromatographic analysis 
of pooled samples from normal skin showed that the VIP 
immunoreactivity co-eluted with pure porcine VIP, the 
substance P immunoreactivity eluted as a single peak 
corresponding to synthetic substance P, and the soma- 
tostatin immunoreactivity eluted as two peaks corres- 
ponding to somatostatin-14 and somatostatin-28. For 
immunocytochemical studies, fresh tissue was fixed in a 
0:4% solution of p-benzoquinone in phosphate-buffered 
saline, and cryostat sections (7 um thick) stained by a 
modification of the indirect immunofluorescent method, 
as previously described.’ Tissue was not available from 
the patients with eczema and psoriasis for immunocyto- 
chemical studies. Neuropeptide concentrations were 
compared using Student’s unpaired t-test. 


Results 


The concentrations of neuropeptides in all tissue extracts 
are shown in Table 1. A small but significant increase of 
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fable 1. Neuropeptide concentrations in skin biopsies (pmol/g, 
mean + SEM) 





VIP Substance P Somatostatin 
Normal 0-6+0-2 l-3402 1O+0-3 
kezema 1-4+0- 3° l-6+0°3 l-14+04 
Psoriasis L540 3" l-3404 ILOHO 3 
Normal axilla 5:54 0:-7** l-2402 TE ESIS: 
Normal periaxilla 0-7+0°3 l-4+0-4 l-1403 
Axillary hyperhidrosis t5408 1-540: O83 


P<0:05, Student's t-test, compared to normal skin; **P<0001, 


Student's t-test, compared to normal periaxillary skin 


VIP content was seen in biopsies of skin affected by 
eczema and psoriasis (P< 0-05); substance P and soma- 
tostatin content showed no change. 

The concentrations of substance P and somatostatin 
were similar in trunk and axillary skin, whereas the VIP 
concentration was significantly higher in axillary skin 
when compared to adjacent trunk skin (P <0:001). VIP 
immunoreactive nerve fibres were seen in abundance 
around eccrine sweat glands in axillary skin (Fig. la), 
with a few fibres adjacent to apocrine glands (Fig. 1b), 
sweat ducts and blood vessels. Nerve fibres containing 
substance P and somatostatin were seen as beaded libres 


running through the dermis, some apparently ending 


freely or in close relation with arterioles, whereas a few 
fibres extended to the epidermis, reaching almost up to 
the stratum corneum. There appeared to be no change in 
the neuropeptide innervation in axillary skin from 
patients with axillary hyperhidrosis as assessed by both 
radioimmunoassay and immunocytochemistry. 


Discussion 


VIP concentrations are increased in eczema and psoria- 
sis. but the significance of this is unknown. Further 
studies, using immunocytochemistry, are necessary to 
localize the increase of VIP. Substance P, somatostatin 
and VIP have all been considered as candidates for 
mediators of the triple response in human skin.*” and 
injured sensory and sympathetic fibres increase their 
expression of VIP.'’ The elevated VIP levels may increase 
local blood flow in these conditions. 

Previous studies have suggested that increased 
numbers of substance P-immunoreactive fibres may be 


J 


seen in psoriatic skin lesions.’* and substance P-like 
immunoreactivity may be increased in blister fluid from 
inflamed skin.” These reports discussed the mechanisms 
whereby substance P may affect these conditions. 
Although our study fails to support a role for substance P 
in psoriasis and eczema, further studies of substance P 


turnover are necessary to exclude such a role. 





Figure 1. Immunoreactivity for VIP in axillary skin. Abundant VIP-immunoreactive nerve fibres are seen around (a) eccrine sweat glands. but are 


present only sparsely around (b) apocrine glands (L, lumen). (Magnification: (a) «410, (b) «450 


The high concentration of VIP in axillary skin is the 
result of its presence in post-ganglionic sympathetic 
fibres to eccrine sweat glands. It is of interest that, 
whereas VIP concentration is below the assay detection 
limit in cat trunk skin (<0-05 pmol/g), it is very high in 
the footpads (29 pmol/g),? which is the only place where 
cats. have eccrine sweat glands.’® Stimulation of the 
lumbar sympathetic ganglia of the cat is known to cause 
sweat secretion and the release of acetylcholine and VIP 
from the footpad skin.! Local infusion of VIP alone 
causes vasodilation but no sweat secretion, although it 
does enhance sweat secretion induced by acetylcholine 
infusion./° A recent study has quantified VIP in human 
axillary skin and sweat, and demonstrated VIP binding 
sites on eccrine gland secretory cells.?” 

Axillary hyperhidrosis has been attributed to overacti- 
vity of eccrine, not apocrine glands.'® These glands are 
histologically normal, as is the acetylcholinesterase 
activity in the nerve fibres innervating them. This study, 
of skin taken from patients with severe axillary hyper- 
hidrosis, suggests that the VIP content is not responsible 
for the condition. This result does not exclude a change 
in local VIP turnover: however, in general, neuropeptide 
levels reflect their expression and activity. 
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Summary 


The amounts of soluble CD4 and CD8 antigens were measured in suction-blister fluid and extracts of 


horny tissue in patients with psoriasis. The levels of soluble CD4 and CD8 in the suction-blister fluid of 
lesional skin in psoriasis was significantly higher than from normal skin and the uninvolved skin in 
psoriasis. Levels of soluble CD4 and CD8 tn the extracts of horny tissue in psoriasis were significantly 


higher than those from non-psoriatic skin. 


Psoriasis is an inflammatory skin disorder with altera- 
tions in T lymphocyte-related functions.! Immunohisto- 
chemical studies have shown that tn the early lesions of 
psoriasts there is an infiltration of activated helper T cells 
‘in the epidermis and that late lesions are characterized 
by an influx of suppressor T lymphocytes.** Involve- 
ment of helper T cells has been suspected by the 
induction of psoriasis by interleukin 2* and the beneficial 
effect of cyclosporin.® 

The presence of CD4 antigen defines a subset of 
mature T lymphocytes that possess both regulatory 
(helper) and antigen-recognition functions that are 
restricted by class H HLA antigens.°’” This contrasts with 
the other T-cell subsets that express CD8 antigen, which 
has cytotoxic functions and are HLA class I restricted.®-? 
These surface antigens are released extracellularly and 
permit the monitoring of CD4* and CD8* cell activity in 
various pathological events.!°!! A soluble form of CD4 
has been shown to inhibit HIV-1 virus infection.!??? A 
soluble form of CD8 is also present in the supernatant of 
CD8+ T-cell leukaemia cell lines.1* These secreted 
molecules may have immunoregulatory roles, although 
very little has so far been reported about their action in 
psoriasis./> In the present study we have measured the 
levels of soluble CD4 and CD8 in the suction-blister fluid 
and from extracts of horny tissue obtained from lesional 
and non-lesional skin in psoriasis. 


Methods 
Suction-blister formation 


Fifteen patients with psoriasis (11 males, four females; 
age range 18-59 years, mean 34 years) and 14 healthy 
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male volunteers (age range 19~23 years, mean 21 
years) were studied. None of the patients with psoriasis 
had any treatment for at least 2 weeks before the study. 
Suction blistering was carried out on the normal 
uninvolved skin as well as on plaques of psoriasis with a 
diameter of 1-2 cm and lesions of pustular psoriasis 
larger than 3 cm in diameter. The blisters were produced 
using attachment devices with hollow syringes whose 
broad and flat ends were placed on the skin and a 
negative pressure applied for 2-3 h of 200-300 mmHg. 
The blister fluid was collected and following centrifuga- 
tion at 1600 g for 15 min the supernatant was then 
stored at — 70°C. Only those blister fluids from psoriatic 
involved skin with little blood contamination were used 
for this study.'® 


Extracts of horny tissue 


Scale was collected from skin lesions from nine patients 
with psoriasis vulgaris, two patients with erythrodermic 
psoriasis and nine patients with pustular psoriasis and 
four patients with palmoplantar psoriasis (PPP). The 
controls used were hyperkeratotic tissue from the plan- 
tar callus from eight patients and scale from four patients 
with ichthyosis vulgaris and one patient with pityriasis 
rubra pilaris. The water-soluble components from the 
horny tissue were extracted in phosphate-buffered saline 
at pH 7-4 and containing 100 pg/ml streptomycin.*© 


Molecular sieve chromatography 


TSK-G2000SW exclusion high-performance liquid col- 
umn chromatography (Tosoh, Tokyo, Japan; 7-5 x 30 
cm) was equilibrated with phosphate-buffered saline 
(PBS) and calibrated with dextran blue (2000 kDa), y- 
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globulin (158 kDa), bovine serum albumin (67 kDa), 
ovalbumin (44 kDa) and carbonic anhydrase (29 kDa). 
After injecting 0-5 ml of suction-blister fluid or horny- 
tissue extract into the column, the column was eluted 
with PBS and fractions of 0-5 ml were collected. The 
protein content was estimated by the measurement of 
absorbance at 280 nm. The fractions were assayed for 
soluble CD4 and CD8. 


Measurement of soluble CD4 and CD8 levels 


The levels of soluble CD4 in blister fluid, horny-tissue 
extract and fractions from molecular sieve chromato- 
graphy were assayed with an enzyme immunoassay 
using the non-competing murine anti-CD4 monoclonal 
antibodies (Cellfree CD4 Test Kit; T Cell Sciences, 
Cambridge, MA, U.S.A.) as described previously.'’ 
Briefly, 96-well microtitre plates were coated at 4°C 
overnight with the first monoclonal antibody against 
human CD4. The samples were added and incubated for 
2 h at 37°C. The samples were then discarded, and each 
well received a horseradish peroxidase-conjugated 
monoclonal antibody that recognizes a different epitope 
on the CD8. After incubation with o-phenylenediamine 
for 30 min, the plates were read at 490 nm. Units of 
soluble CD4 were calculated from a standard curve 
constructed : with serial dilutions of bovine-derived 
serum protein containing soluble CD4. 

Soluble CD4 was assayed using a sandwich immu- 
noassay with two monoclonal antibodies against CD8 
antigen (T Cell Sciences) as previously described. 1011-18 
Following the binding of the first monoclonal antibodies 
to the wells of the microplate, the samples were then 
incubated for 90 min at 37°C followed by the removal of 
unreactive sample by washing. An enzyme-conjugated 
anti-CD8 monoclonal antibody directed against a second 
epitope on the CD8 molecule was then added and bound 


(a) ~~ —P<005—| 
m~ NS — m A< 055 
° 


Solubla CD4 (U/mL) 


Figure 1. Levels of soluble CD4 (a) and CD8 
(b) in the suction-blister fluids from control, 
psonatic uninvolved and involved skin. ô 
Results are presented as means +SD. NS, not Control 
significant. i 





Psoriatic 
uninvolved involved 


to the CD8 captured by the first antibody. Unbound 
enzyme-conjugated anti-CD8 was removed during a 
wash step and substrate solution added to the wells. The 
reaction was terminated by the addition of stop solution, 
and absorbance measured at 490 nm. A standard curve 
was prepared from five samples. The levels of soluble CD4 
and CD8 in each of the samples were measured at the 
same time. 


Protein measurement 


The amount of protein in the horny-tissue extracts was 
measured using the Bio-Rad protein assay (Bio-Rad, 
Richmond, CA; U.S.A.). 


Statistical analysis 


Levels of soluble CD4 and CD8 were compared using the 
Wilcoxon rank-sum test. f 


Results 
Soluble CD4 and CD8 in suction-blister fluid 


The level of soluble CD4 in the suction-blister fluid from 
the involved skin in psoriasis was significantly higher 
(mean 19:-1+7:-4 U/ml) than that found in the fluid 
from normal skin (12:5+3:5 U/ml, P<0-05) and the 
uninvolved skin in psoriasis (11:8 +2/5 U/ml, P<0:05) 
(Fig. 1a). The level of soluble CD4 antigen in the suction- 
blister fluid obtained from the uninvolved skin of 
psoriasis was not significantly different from that of 
normal skin. The level of soluble CD8 in the suction- 
blister fluid in the, involved skin of psoriasis (mean 
149-7+100-0 U/ml) was significantly higher than that 
obtained from normal skin (66-1 + 14-0 U/ml, P<0:01) 
and from the uninvolved skin of psoriasis (75-0+28:2 


(b) r——_._ P< 0-0| —— 
m NS — r P<005—- 
° 


Soluble CD8 (U/mL) 





Psoriatic Control Psoriatic 


involved 


Psoriatic 
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U/ml, P<0-05) (Fig. 1b). The soluble CD8 level in the 
suction-blister fluid from both the uninvolved skin in 
psoriasis and from normal skin were not significantly 
different. The protein content of the fluid obtained from 
suction blisters on normal skin and from the uninvolved 
and involved skin in psoriasis were not significantly 
different (19:-3+2:7, 17-8 +4:9 and 15-7+4-2 mg/ml, 
respectively). There was a significant relationship 
between the levels of CD4 and CD8 in the suction-blister 
fluids (R=0:48, P<0-05) (Fig. 2). 


Soluble CD4 and CD8 in extracts of horny tissue 


When the levels of soluble CD4 were expressed per ml 
horny-tissue extract, those in the horny-tissue extracts 
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Figure 2. Relationship between the levels of soluble CD4 and CD8 m the 


suction-blister flutds from normal (O), psonatic unmvolved (a) and 
involved skin (%8). 
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of psoriasis vulgaris (mean, 14:4 -+4:2 U/ml), pustular 
psoriasis (16-34 5:1 U/ml) and PPP (10:741-1 U/ml) 
were significantly higher than those of non-psoriatic 
hyperkeratotic skin (8-4+2:-6 U/ml, P<0:5, P<0-01 
and P<0-05, respectively; Fig. 3a). The levels of soluble 
CD4 in the horny-tissue extracts of erythrodermic 
psoriasis (10-1 + 1:5 U/ml) were not significantly higher 
than those of non-inflammatory skin. The levels of 
soluble CD8 in the horny-tissue extracts of psoriasis 
vulgaris (mean, 42:4+ 31-2 U/ml) and pustular psoria- ` 
sis (24:7+3-4 U/ml) were also significantly higher than 
those of non-psorlatic hyperkeratotic skin (19-140°8 
U/ml, P<0-01; Fig. 3b). The levels of soluble CD8 in the 
horny-tissue extracts of erythrodermic psortasis (mean, 
20-7 U/ml) and PPP (20:2+1:-8 U/ml) were not signifi- 
cantly different from those found in non-inflamed skin. 

Because the amounts of soluble proteins from the 
orthokeratotic horny samples were small, a significant 
difference in the levels of both CD4 and CD8 was found 
compared to psoriatic scales when they were expressed 
as per mg protein (data not shown). 


Molecular sieve chromatography 


Gel chromatography was performed on two representa- 
tive samples showing high levels of CD4 and CD8. Gel 
chromatography fractionation of suction-blister fluid 
with a high level of CD4 and of a psoriatic scale extract 
with a high level of soluble CD8 showed a peak at a M, of 
54 kDa (Fig. 4). 


Discussion 


Helper and suppressor T cells are considered to be 
involved in the pathogenesis of psoriasis*349 and 
increased levels of the soluble form of interleukin 2 
receptor (IL-2R) suggest a role for activated T lympho- 
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Figuré 3. Levels of soluble CD4 (a) and CD8 
(b) expressed per ml in the hormy-tissue 
extracts of non-psortatic hyperkeratotic skin 
(C), psoriasis vulgaris (PV), erythrodermic 
psoriasis (EP), pustular psoriasis (PP) and 
pustulosis palmaris et plantaris (PPP). Results 
are presented as means+SD. 
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Figure 4. Molecular sieve chromatography of 
psonatic-scale extract. A suction-blister fluid 
with a high level of soluble CD4 or a 
psonatic-scale extract with a high level of 
soluble CD8 was loaded onto a TSKgel 
G2000SW gel-filtration column (7-5 x 30 
cm). Fraction size was 0-5 ml, and flow rate 
was 0-5 ml/min. The protem content was 
estumated by the measurement of absorbance 
at 280 nm. Fractions were assayed for 
soluble CD4 (a) and CD8 (b) levels. The 
column was calibrated with blue dextran 
(void volume, a), 7-globulin (158 kDa, b, 
bovine serum albumin (67 kDa, c), 
ovalbumin (44 kDa, d) and carbonic 
anhydrase (29 kDa, e). 


Soluble CD4 (U/ml) 


cytes.!© The present study was designed to obtain direct 
evidence of the involvement of CD4* and CD8+t lympho- 
cytes in the lesions of psoriasis. An increase in the levels 
of both soluble CD4 and CD8 tn the suction-blister fluid 
obtained from lesional skin strongly suggests an active 
role for these molecules and for helper and suppressor T 
cells in psoriasis. The increased levels of soluble CD4. and 
CD8 agree with the immunohistochemical findings that 
the dermal infiltrate in psoriasis consists mainly of helper 
T cells with a smaller compartment of suppressor T 
cells.'? In the epidermis in psoriasis there is an increase 
in the number of HLA-DR* dendritic cells with an influx 
of activated helper T cells, and resolution of the lesions 
coincides with increased infiltration and activation of 
suppressor T cells.*-2° 

Because some suction-blister fluid from psoriatic 
lesional skin tended to become contaminated with blood 
that may contain CD4* or CD8* T cells, we only used 
suction-blister fluid that had very little blood contamina- 
tion in this study. However, there is the possibility of a 
minor contribution of released CD4 or CD8 antigens 
from the blood. Also, blisters cannot be raised at the 
peripheral inflamed portions without any involvement 
of the central areas that may be regressing. The blister 
fluids therefore contained released CD4 and CD8 anti- 
gens from: both these areas. A significant relationship 
between the levels of soluble CD4 and CD8 suggests that 
an infiltration of helper T cells was closely associated 
with an accumulation of suppressor T cells. 

The soluble form of IL-2R, that is increased in the 
lesional skin in psoriasis,!6 has been suggested as an 
important regulatory molecule in controlling T-cell 
function.” In contrast, it has not been fully understood 
whether the soluble CD4 and CD8 molecules merely 
reflect cellular activity or have an active role. 

Suction-blister fluids are assumed to reflect ongoing 
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inflammatory reactions in the lesional skin, and extracts 
of horny tissue are considered to reflect the preceding 
events that have occurred in the epidermis. 1627-24 In the 
present study, however, the levels of soluble CD4 and 
CD8 in the horny-tissue extracts obtained from the 
lesions of psoriasis vulgaris and pustular psoriasis were 
significantly higher than those obtained from non- 
psoriatic hyperkeratotic skin when expressed per ml of 
horny-tissue extract. Because of the high protein yields 
of the scale from the inflammatory skin lesions that 
contained exuded serum, the concentrations of CD4 and 
CD8 molecules in psoriasis and related dermatoses were 
very low when they were expressed as per mg of protein. 

The increase in levels of soluble CD4 and CD8 and 
IL-2R in the suction-blister fluids from the involved skin 
in psoriasis suggests that the blister fluid was more 
representative of these inflammatory cell-derived mol- 
ecules from the dermis, while inflammatory meditators 
released from epidermal keratinocytes accumulated in 
the horny tissue. We have also reported that the 
complement system is activated during suction-blister 
formation.”° 

Gel-column fractionation of a suctton-blister fluid 
showed a 54-kDa peak for CD4, and that of a psoriatic 
scale extract showed a peak for CD8 with M, of 54 kDa, 


‘which is 10 kDa smaller than the monodimeric CD8 


molecule on the cell surface. It is presumed that there is a 
proteolytic cleavage of the membrane-bound mol- 
ecules.7© Our M, determination indicated that the sol- 
uble CD8 molecules existed predominantly as a homo- 
dimer, and a little smaller than the membrane- 
associated form found in the lesional skin of psoriasis. 
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Summary 


Monoclonal antibodies against human Cu,Zn-superoxide dismutase (SOD) and Mn-SOD were used to 


stain frozen sections of normal and abnormal human skin. In normal human epidermis, the Cu,Zn- 
SOD antibody almost exclusively stained the basal cells. Mn-SOD antibody weakly stained the whole of 
the epidermis but more predominantly the basal cell layer. In psoriasis, Cu,Zn-SOD antibody mainly 
stained the basal cells of the lowest parts of the elongated rete ridges. Basal cells corresponding to the 
tip of the dermal papillae were weakly stained. Mn-SOD staining was considerably decreased in the 
psoriatic epidermis. In squamous cell carcinoma, staining with both Cu,Zn-SOD and Mn-SOD 
antibodies was decreased, and single cells positive for Cu,Z2n-SOD were scattered throughout the 
tumour nests. In basal cell epithelioma, Cu,Zn-SOD staining was intense and diffusely distributed 
throughout the tumour nests, while Mn-SOD staining was absent. 


Superoxide dismutase (SOD) catalyses the dismutation of 
the superoxide anion into O, and H,0;, thereby protect- 
ing cells against reactive free radicals by scavenging the 
superoxide radicals produced with ionizing radiation or 
through other mechanisms. 

In eukaryotic cells, there are two distinct types of 
SODs.!* The predominant SOD is a soluble cytosolic 
enzyme containing copper and zinc at the catalytic site 
(Cu,Zn-SOD). The second type is the manganese-con- 
taining SOD (Mn-SOD) found in the matrix of the 
mitochondria. The Mn-SOD differs substantially from the 
Cu,Zn-SOD in primary structure.* Cu,Zn-SOD is inhib- 
ited by cyanides, whereas Mn-SOD is not.! Although 
extracellular SOD, which is stmilar to Cu,Zn-SOD, has 
been reported,* the physiological significance of this type 
of SOD remains unknown. 

Recent evidence indicates decreased SOD activity in 
various cancer tissues.” $ Oberley and Buettner’ sug- 
gested that the mitochondrial Mn-SOD is specifically 
decreased but numerous exceptions have ‘since been 
reported.? Our previous studies have indicated that 
human lung cancer’? and epithelial ovarian cancer! 
had increased levels of Mn-SOD. In the epidermis SOD 
activity is decreased in various hyperproliferative kerati- 
nocytes,/2-!* including squamous cell carcinoma (SCC), 


Correspondence: Dr H.fizuka, Department of Dermatology, Asahikawa 
Medical College, 3-11 Nishikagura, Asahikawa 078, Japan. 


basal cell epithelioma (BCE) and in benign hyperprolffer- 
ative skin such as psoriatic epidermis. Although de- 
creased SOD activity is also observed in experimentally 
induced hyperproliferative epidermis, where Cu,Zn-SOD 
is specifically decreased, the expression of the two types 
of SOD in various skin tumours or In psoriasis has 
remained unknown. 

Polyclonal and monoclonal antibodies against Cu,Zn- 
SOD have been used to investigate the distribution of the 
enzyme in various tissues.!>!© No information ts avail- 
able regarding the distribution of Cu,Zn-SOD in human 
skin. Recently one of us has produced a monoclonal 
antibody against human Mn-SOD?’ and with the two 
types of antibodies, differential staining of Cu,Zn-, and 
Mn-SOD is now possible. In the present study, we used 
these antibodies to investigate the distribution of SODs in 
normal skin and in various skin disorders. 


Methods 
Materials 


The characterization of monoclonal antibodies specific 
to Cu,Zn-SOD and Mn-SOD has been previously des- 
cribed.16?7 The Vectastatin ABC kit and biotinylated 
goat anti-mouse IgG were obtained from Vector (Burl- 
ingame, CA, U.S.A.) and the OCT compound from Miles 
Laboratory (Naperville, IL, U.S.A.). Normal mouse IgG 
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Table 1. Summary of cases 





Case Age Sex Biopsy sites 
Normal 1 32 M Back 
2 68 F Chest 
3 76 M Chest 
4 66 M Axilla 
5 32 F Thigh 
Psoriasis l 33 M Back 
2 40) M Thigh 
3 62 F Buttock 
4 23 M Elbow 
5 13 F Chest 
sce l 75 M Thigh 
2 56 M Groin 
3 88 F Chest 
BCE 1 77 F Nose 
65 M Nose 
3 70 M Cheek 





was obtained from Sigma (St Louis, MO, U.S.A.). All 
other reagents were of analytical grade. 


Skin specimens 


Normal skin specimens were obtained from patients 
undergoing elective plastic surgery. Skin biopsies were 
obtained from involved and uninvolved skin, before 
starting any therapy from five patients with psoriasis 
vulgaris, three patients with squamous cell carcinoma, 
and three patients with basal cell epithelioma (Table 1). 
Tissue samples were snap frozen in liquid nitrogen and 
stored at — 80°C until used. 


Immunohistochemical staining 


Frozen sections (6 ym) of skin were air-dried and 
hydrated in phosphate-buffered saline (PBS). The sec- 
tions were incubated with anti-Cu,Zn-SOD antibody 
(mouse ascitic fluid, diluted 1:400 in PBS) for 30 min or 
with anti-Mn-SOD antibody, PG 11, (mouse ascitic fluid, 
diluted 1:1000 in PBS) for 12 h. The avidin-biotin- 
peroxidase complex (ABC) technique was then used. The 
sections were washed in PBS, incubated with biotinyl- 
ated goat anti-mouse antibody (diluted 1: 100 in PBS) 
for 30 min, washed in PBS, and incubated with avidin- 
biotin complex (diluted 1:100 in PBS). The sections 
were then washed in PBS and incubated with amino- 
ethylcarbazol in 0-02 m Na-acetate buffer (pH 5-0) for 
10 min. Normal mouse IgG was used as a negative 


control. Staining with Masson-Fontana melanin was 
also performed on several specimens. 


Results 
Normal epidermis 


Staining of Cu,Zn-SOD was located almost exclusively in 
the cytoplasm of the cells in the basal layer of the 
epidermis (Fig. la). Staining of the upper layers of the 
epidermis was negligible. Staining for Mn-SOD occurred 
throughout the epidermis but was more intense in the 
basal cell layer (Fig. 1b). Staining with anti-Mn-SOD 
antibody was weaker than with anti-Cu,Zn-SOD anti- 
body and a longer incubation time was usually required. 


Psoriatic epidermis 


The distribution of Cu,Zn-SOD and Mn-SOD in the 
uninvolved epidermis of psoriatic patients was similar to 
that in the normal epidermis. 

In the involved epidermis, Cu,Zn-SOD was located 
mainly in the basal cells (Fig. 2a). Several cell layers 
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Figure 1. Staining of Cu.Zn-SOD and Mn-SOD in normal skin. 
(a) Cu,Zn-SOD staining of normal epidermis. Only the basal cells are 
intensely stained ( x 242). (b) Mn-SOD staining of normal epidermis. 
The whole epidermis is weakly stained with stronger staining of the 
basal cell layer ( x 242). 
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Figure 2. Staining of Cu.Zn-SOD and Mn-SOD in psoriatic epidermis. 
(a) Cu.Zn-SOD staining of psoriatic epidermis. The staining is strongly 
positive in the lower part of rete ridges ( x 238). (b) Mn-SOD staining of 
psoriatic epidermis. The epidermis is weakly stained throughout 


(x 476). 


above also appeared to be stained and these were 
thought to be basal cells tangentially sectioned. The 
staining was strongly positive in the lower part of rete 
ridges while the basal cell layer corresponding to the tip 
of the dermal papillae was weakly stained (Fig. 2a). 
The psoriatic involved epidermis stained weakly 
throughout with anti-Mn-SOD antibody (Fig. 2b). Mini- 
mal staining was observed even in the basal cell layer. 


Skin tumours 


In SCC, staining with both Cu,Zn-SOD antibody and 
Mn-SOD antibody was considerably decreased (Fig. 3). 
Many peripheral cells corresponding to the basal cell 
layer were only weakly stained or not at all with the anti- 
Cu,Zn-monoclonal antibody (Fig. 3a, b). An irregular 
Staining pattern consisting of single cells positive for 
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Figure 3. Staining of Cu,Zn-SOD and Mn-SOD in squamous cell 
carcinoma. (a) Cu.Zn-SOD staining of squamous cell carcinoma. The 
staining is relatively weak and irregularly distributed ( x 238). 
(b) Cu,Zn-SOD staining of squamous cell carcinoma. Irregular staining 
of the outermost cells is observed. with single positive cells (arrows) in 
the tumour nests ( x 476). (c) Mn-SOD staining of squamous cell 
carcinoma. The tumour nests are only weakly stained ( x 238). 
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Figure 4. Staining of Cu,Zn-SOD and Mn-SOD in basal cell epithelioma. 
(a) Cu.Zn-SOD staining of basal cell epithelioma. The tumour nests are 
intensely stained ( x 242). (b) Mn-SOD staining of basal cell epithel- 
ioma. No staining is observed. The apparent positive cells are the 
melanin-laden tumour cells (arrows) ( x 242). 


Cu,Zn-SOD was also observed in the tumour nests 
(Fig. 3a, b). 

In BCE, anti-Cu.Zn-SOD antibody diffusely and in- 
tensely stained the whole of the tumour nests (Fig. 4a) 
but Mn-SOD staining was absent (Fig. 4b). Cells that 
appeared positive were melanin-laden tumour cells as 
confirmed by melanin staining. 

The epidermis adjacent to SCC or BCE showed no 
abnormal staining pattern and the distribution of Cu,Zn- 
SOD and Mn-SOD was similar to that in the normal 
epidermis. 


Discussion 


To our knowledge this is the first report of the differential 
staining for each type of SOD in human skin and in 
various disorders. Although the immunoreactive SOD 


might not necessarily be associated with enzyme acti- 
vity,'” our results indicate that the normal human 
epidermis contains both Cu,Zn-SOD and Mn-SOD, which 
appear to be differently affected in various skin disorders. 

Recently, using electron spin resonance, Ogura et al.'* 
reported that SOD activity in cow snout epidermis was 
distributed throughout the epidermis, with more intense 
activity in the lower layer than the upper and middle 
layers. Their results agree with ours, although they 
apparently assume that the epidermal SOD is of the 
Cu,Zn-type.'* This would probably reflect the weak 
activity of Mn-SOD in normal epidermis,*:'*'* and we 
found that the staining of Mn-SOD was much weaker 
than that of Cu,Zn-SOD in our study. 

In psoriasis skin, Cu,Zn-SOD was mainly located in the 
lowest part of the elongated rete ridges, which are the 
most proliferative sites in this disorder.'’ It has been 
reported that the SOD activity is markedly decreased in 
the hyperproliferative psoriatic epidermis.'*:'* The de- 
creased SOD activity might reflect decreased levels of 
Cu.Zn-SOD in basal cells corresponding to the tip of 
dermal papillae and/or decreased levels of Mn-SOD in the 
involved psoriatic epidermis. 

In SCC, although not distributed regularly as in the 
psoriatic epidermis, the staining of both Cu,Zn-SOD and 
Mn-SOD was decreased, which again agrees with find- 
ings of decreased SOD activity in SCC.'*:!’ We also found 
a disorganized pattern showing single cells positive for 
SOD in the tumour nests. A similar pattern has been 
described in SCC using antibodies which detect specific 
keratinocyte antigens.?°*! 

A marked difference from normal skin was observed in 
BCE, where staining for Cu,Zn-SOD was diffuse and 
intense. The staining was so marked that all the tumour 
cells resembled normal basal cells, a finding that is 
occasionally observed in this disorder.**-** Mn-SOD, 
which is also predominantly found in the normal basal 
cells, was however absent in BCE. 

Recently several investigators??? reported that Mn- 
SOD and Mn-SOD mRNA are induced by interleukin 1 
(IL-1). The decreased staining for Mn-SOD in psoriasis 
and in BCE is interesting because IL-1 is reported to be 
decreased in these disorders.***” However, in SCC an 
increase in IL-1] has been reported,*” while we found a 
decrease in staining for Mn-SOD. 

The role of SOD(s) in protecting cells against the 
toxicity of reactive oxygen species has been well estab- 
lished. Recent evidence suggests that SOD might also be 
associated with keratinocyte proliferation.'**' The role 
of SOD in inhibiting the oncogenic activity of X-rays 
and of tumour-promoting phorbol esters has been 


described.** The decreased SOD activity in various 
hyperproliferative skin disorders should have a signifi- 
cant effect, although the expression of SOD differs among 
the skin disorders. 
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The study population consisted of the 95 patients who presented with cutaneous malignant 
melanoma in the west of Scotland between 1979 and 1986 and who were aged under 30 at the time 
of diagnosis. Over this 7-year period, 1299 melanomas were diagnosed in all age groups in this 
geographical area, increasing in incidence by 82% from 135 in 1979 to 246 in 1986. The proportion 
of melanomas diagnosed before the patients’ thirtieth birthday remained constant at 6%. None were 
diagnosed in the under-15 age group, and none developed on giant congenital naevi. Forty-two of the 
95 melanomas (44%) in the under-30 group developed on a small naevus present either from birth or 
early childhood. These melanomas were thicker than those apparently developing on normal skin, but 
once controlled for tumour thickness and sex the presence of a pre-existing naevus did not affect 5- 
year survival. The overall 5-year survival was 76% with poorer survival associated with thicker 


tumours and male sex. 


This study suggests that small early onset naevi may have a higher potential for post-pubertal 
malignant change than has been previously recognized. 


Malignant melanoma is a solid tumour which affects 
adults in all age groups with a reported world-wide 
average age at diagnosis of 45 years. Children are rarely 
affected. In the early 1980s it appeared that the 
proportion of patients in the west of Scotland presenting 
with melanoma in the second and third decade of life was 
rising. Because of this, and because of the fact that in 
some other tumour systems such as cervical carcinoma 
the tumour may be more aggressive in younger people,” 
we carried out a study of melanoma in this age group to 
establish whether or not there was a disproportionate 
increase in melanoma in this age group, to identify any 
distinguishing clinical or histological features tn these 
younger patients, and also to determine 5-year survival 
figures for this section of the melanoma population. 


Methods 
Patients 


The study population consisted of all the patients 
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presenting in the west of Scotland in the years 1979-86 
inclusive with primary cutaneous malignant melanoma 
diagnosed before their thirtieth birthday. Data on 
patients was drawn from the records of the West of 
Scotland section of the Scottish Melanoma Group which 
aims to register all patients presenting with invasive 
primary cutaneous melanoma in Scotland. Patients are 
first registered by the pathologist who reports the case, 
and full pathological details including information on 
prognostic variables are sent to the local Scottish 
Melanoma Group co-ordinator.* Pathological details 
include the histogenetic type, evidence of pre-existing 
naevus, level of invasion, tumour thickness mitotic rate, 
evidence of regression, and gross and microscopic details 
of excision margins. Surgical details are also recorded, 


and annual follow-up information sought. Cross checks . 


of completeness of registration of cases are made with the 
central Cancer Registries, and with all hospitals in 
Scotland, both private and NHS. 


Comparative sample 


In the course of the study, it became clear that an age- 
and sex-matched comparative group was required to 
establish the prevalence of early onset naevi (EON), 
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defined as melanocytic naevi present since birth or 
developing prior to the age of 2 years in this geographical 
area. This was because parents found it difficult to be 
certain that a naevus had been present at birth. All the 
comparative group were asked if they had any such 
naevi, and were then fully examined both to confirm the 
nature of lesions considered by the controls to be 
melanocytic naevi and also to identify any naevi not 
reported by the subject. A total of 161 subjects were 
identified, 83 women and 78 men with a mean age of 
22-6 years. This comparative group was used only to 
obtain a figure for the prevalence of these naevi in the 
normal population. 


Statistical analysis 


The logistic regression model using stepwise variable 
selection was used for multivariate analysis to assess the 
joint effect of variables on 5-year survival. 


Results 


The numbers of patients first presenting -in the west of 
Scotland with melanoma during the study period, and 
the numbers of these under 30 at time of diagnosis are 
recorded in Table 1. In common with the rest of Scotland 
and all other parts of the world for which figures are 
available, there was a steady rise in the number of 
patients with melanoma which increased by 111 from 
135 in 1979 to 246 in 1986, a rise of 82% over the 8- 
year period or 10% per year. While the number of 
melanomas diagnosed in young patients also rose, the 
rate of increase was less and, apart from in 1983, the 
proportion remained relatively constant at 6% of the 
-annual total. The ratio of females to males for the entire 


Table 1. Number of patients aged under 30 at diagnosis of primary 
melanoma im relation to total number of cutaneous melanomas 


No. 
Total no. <30 years 
Year melanomas F M (% of total) F M 
1979 135 99 36 9 7 2 
1980 151 102 49 13 6 z 
1981 139 93 46 9 6 3 
1982 138 89 49 9 6 3 
1983 169 114 55 19 10 9 
1984 187 121 66 9 5 4 
1985 209 14] 68 14 1] 3 
1986 246 168 78 13 10 3 


Total 1374 927 447 95 (69) 61 (6-6) 34 (7-6) 


melanoma population was 2:1, and for the young 
patients it was similar at 61 females and 34 males. 
Throughout the 7-year period, case ascertainment was 
constant and complete for the whole of Scotland, and 
there was no significant change in the total number or 
age distribution of the population. 

The age at diagnosis divided by sex is shown in Table 
2. No patient aged 15 years or less developed melanoma, 
but there were three cases aged 15-19, 23 aged 20-24 
and 69 aged 25-29 years at the time of diagnosis. The 
three patients aged 15-20 were all female and there 
were two lesions on the leg and one on the arm. 

Forty-two of the young patients (44%) gave a history, 
frequently confirmed personally by a parent or by infant 
pictures, that an early onset melanocytic naevus (EON) 
that had been present since birth or developed prior to 
the age of 2 years had been present at the site on which 
their melanoma subsequently developed (Table 3). In 14 
other cases (15%) the melanoma arose on a naevus 
present since the early teens, and in 39 patients (41%) 
there was no pre-existing pigmented lesion. Histological 
examination of melanomas from the 42 patients with a 
history and/or clinical features of an early onset naevus, 
showed that in 38 (91%) there were residual naevus 
cells in the lower part of the dermis or in close proximity 
to appendageal structures in sites consistent with a 
congenital type naevus. The size of these early onset 
naevi varied from 4 mm to >1 cm, but there were no 
giant naevi. 


Table 2. Age at diagnosis 


Age F M Total 
0-15 0 0 0 
16-19 3 0 3 
20-24 18 5 23 
25-29 40 29 69 
Total 61 34 95 


Table 3. Presence of early onset or later acquired naevus 


F M Total 
Early onset naevus present 25 17 42 
Later acquired naevus 11 3 14 
No naevus present 25 14 39 
Total 6] 34 95 
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Head and 
Leg Arm Trunk neck 
Early onset naevus 16 6 13 6 
Later acquired naevus 8 2 1 1 
No naevus 21 4 12 2 
Total 45 12 26 9 


The age-matched comparison group gave a history of 
an early onset melanocytic naevus, as defined above, in 
32 of 161 subjects (20%). In all cases the presence of a 
naevus was confirmed by clinical examination. These 
lesions were observed with equal frequency in male and 
female controls. 

The body site on which the melanoma developed is 
shown in Table 4. Forty-five of the lesions (47%) were on 
the lower limb, 26 on the trunk, 12 on the upper limb, 
nine on the head and neck and three on the sole of the 
foot. In females, the leg was the commonest site (30/61, 
49%) and in men it was the trunk (13/34, 38%). In older 
patients, the leg is also the commonest site for females 
and the trunk for males. Lesions on the head and neck 
comprised 10% of the total, and form a lower proportion 
of all melanomas in the young group, compared with 
20% in older patients. 

Seventy-one (75%) of the melanomas in the young 
study group were of the superficial spreading type, 19 
(20%) were nodular melanomas, five were acral lentigi- 
nous melanomas and there were no lentigo maligna 
melanomas (Table 5). In the comparative melanoma 
sample of all ages collected over the same time pertod, 
48% of all lesions were of the superficial spreading type, 
23% were nodular melanomas and 15% were lentigo 
maligna melanomas. 

Fifty-seven (61%) of the melanomas in the young age 
group were <1-5 mm thick, 21 (22%) were 1:5~-3-49 
mm thick, and 17 (18%) were > 3-5 mm thick (Table 6). 
In older patients over this time period only 40% of all 
lesions were in the thin category, so thin melanomas 
were more frequent in the young group. However there 
were some extremely thick lesions in the >3:5 mm 
category (e.g. one at 11 mm, two at 14 mm and one at 
25 mm) in the under-30 age group. Three of these arose 
in EONs. 


Survival 


Five-year survival figures for the under-30 group show 
that 72 (74%) were alive and disease-free, 18 (20%) had 


Table 4. Site of melanoma divided by 


Sole of presence of early onset naevus, acquired 
foot Total naevus or no naevus 
1 42 
2 14 
0 39 
3 95 


died of melanoma, five were alive with melanoma, and 
no patient had died of other causes (Table 7). Prelimin- 
ary analysis showed that the five patients who were alive 
with disease had very similar characteristics to those 
who were dead, and obviously the proportion of such 
patients at 5% is small. The detailed analysis therefore 
relates to those who were alive and disease-free com- 
pared with those who were dead or with recurrent 
disease considered together. 

It would appear that patients whose melanomas arise 
on a congenital or early onset naevus have a slightly 
poorer prognosis, with only 69% being alive and 
tumour-free as against 79% for those whose melanoma 
was apparently not associated with a naevus and 86% 
for those whose melanoma had arisen in association 
with a later onset naevus. However, when the logistic 
regression model is applied, and adjustment made for 
tumour thickness, there is no significant association 
between any type of naevus and survival. This contrasts 


Table 5. Histogenetic type of melanoma 


Superficial 

spreading Nodular Acral Total 
Barly onset neevus 32 8 2 42 
Later acquired naevus 10 1 3 14 
No naevus 29 10 O 39 
Total 71 19 5 95 


Table 6. Breslow thickness (mm) of primary tumour 


0-1:49 1-5-3°49 3:50+ Total 
Early onset naevus 22 10 10 42 
Later acquired naevus 12 2 0 14 
No naevus 23 9 7 39 
Total 57 21 17 95 
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Table 7. Five-year survival (percentages in parentheses) 





Died of melanoma 


Pred NA pH himin NAR NR a apt amt 


Alive with melanoma 


ens ere nes An NA AMARA A GN Ae Ar ERUPT a litt a 


Alive disease free 


All Female Male AH Female Male All Female Male 
Melanoma on early onset naevus 29 (69) 20 (80) 9 (53) 3 ł 2 10 4 6 
Melanoma on pubertal naevus 12 (86) 10 (91) 2 (67) l l 0 1 () 1 
Melanoma with no naevus 31 (79) 22 (88) 9 (64) ] 0 ] 7 3 4 
Total 72 (74) 52 (85) 20 (59) 5 2 3 18 7 į] 


with the observation of Friedman et al.* who recorded a 
more favourable prognosis for patients whose melano- 
mas arose in association with an acquired naevus. 
However the two studies are not comparable in that 
Friedman was specifically investigating acquired rather 
than congenital naevi, and included patients of all ages 
in his study. Measurement of Breslow thickness in cases 
such as those included in Friedman's series is notoriously 
difficult, as it involves differentiating the deepest naevus 
cell separately from the deepest tumour cell. 

The two statistically significant findings related to 
survival were the Breslow thickness of the melanoma 
and, slightly less powerful, the sex of the patient with 
males carrying significantly poorer prospects for survival 
compared with females once tumour thickness was 
controlled for. Thus the poorer survival in the group 
associated with an EON is explained by the thicker 
tumours in this group. Other features studied in the 
logistic regression model included age, site, and histo- 
genetic type, none of which were of prognostic signifi- 
cance when corrected for tumour thickness and sex, 
although histogenetic type was by itself significant, with 
nodular melanomas showing a poorer 5-year survival 
than the superficial spreading type. 


Discussion 


The initial clinical impression that the proportion of 
young patients presenting with melanoma was increas- 
ing has not been confirmed. In this group of patients our 
data shows that the rate of increase in melanoma 
incidence is less than in the older age group. The 7-year 
period of observation is however short for epidemi- 
ological observations, and our ongoing registration of all 
melanomas in Scotland will establish whether or not 
there is any change over a longer period of time. If 
confirmed, however, this would suggest that the factors 
which cause melanoma require a longer latent period to 
have an effect, and are not fully felt until after the third 


decade. The age distribution in our under-30 group, 
with a steady increase in numbers between 16 and 30, 
would support this view. 

The fact that female sex was a good prognostic factor 
in this group of young patients suggests that the survival 
advantage for females noted in this and many other 
studies is a phenotypic rather than an acquired charac- 
teristic. There are no obvious differences between the 
two sexes as regards habits associated with the develop- 
ment of melanoma, such as sun exposure, in the first 
three decades of life. 

The sex and site distribution of the melanomas in the 
under-30 group were similar to those in the older 
patients, other than lesions on the head and neck which 
were less frequent in the younger patients. The histo- 
genetic types differed, with no lentigo maligna melano- 
mas in the younger patients and a higher proportion of 
superficial spreading melanomas. At present it is 
believed that cumulative lifetime sun exposure is more 
important for the development of lentigo maligna mela- 
nomas than for other types, and our observations are 
consistent with this view. The higher proportion of thin 
melanomas in younger patients may reflect a greater 
awareness of the significance of pigmented lesions, and 
also greater concern for appearance. 

An unexpected observation that emerged from this 
study is the high proportion of melanomas in young 
patients which arose on early onset naevi. No other 
group has yet studied a young population with mela- 
noma and there are therefore no comparative studies to 
quote. Rhodes et al. in a pathological study of a series of 
234 melanomas have also suggested that small congeni- 
tal naevi may be biologically important precursors of 
melanoma.’ In this series, six of 18 melanomas identified 
as arising on small congenital naevi were in patients 
who were under 30 at the time of diagnosis, but the age 
structure of the entire study population was not given. 
Our experience of questioning older patients about a 
long-standing pre-existing naevus is that memories are 
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unreliable, and parental confirmation, an tmportant 
part of our study on younger patients, is rarely available. 
Our observation requires confirmation but suggests that 
small congenital or early onset naevi may be a more 
common precursor to melanoma than has previously 
been recognized. 

Because we included in our study naevi which had 
appeared in the first 2 years of life, as well as congenital 
naevi, an appropriate locally derived comparative group 
was required to assess the prevalence of such naevi in the 
normal population. Our results indicate that one-fifth of 
the population may have naevi in this category. This 
suggests that the frequency of malignant change in these 
naevi is relatively low and that removal of all such naevi 
is neither necessary nor practical. If, however, our 
results are confirmed, it would appear to be advisable to 
warn the public that naevi appearing early tn life should 
be observed carefully with regard to growth or change 
after puberty. 
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Summary 


Three methods of measuring the surface area of the involved skin were compared in 10 patients with 


psoriasis. Using the rule of nines, four untrained observers estimated the average extent of psoriasis as 
20, 14, 23 and 33% of the body surface area. Measuring the area of tracings of plaque outlines using 
image analysis gave a mean involved surface area of 9% and image analysis of whole body 
photographs gave a mean value of 7%. We conclude that untrained observers using the rule of nines 
will overestimate the extent of psoriasis and that image analysis of whole body photographs is 


comparable to that of traced outlines. 


The assessment of the effectiveness of new treatments for 
psoriasis is limited by the lack of any objective measure of 
disease severity. The currently used rule of nines method 
for assessing the total -area of involvement forms a 
critical part of the PASI system! of assessing the severity 
of psoriasis and was originally developed for estimating 
the surface area of burns.? The rule assumes that the 
total body surface area comprises 9% for the head and 
neck, each arm, anterior and posterior leg, and the four 
' trunk quadrants, leaving 1% for the genitalia. Previous 
studies have indicated wide variations between 
observers’ estimates.’ The extent of psoriasis is possibly 
the. single most important factor in deciding treatment 
options and patient disability and could be accurately 
measured given developments in image analysis. We 
have studied the current rule of nines method of area 
assessment and have compared the results to two other 
objective methods in which areas were measured using a 
computer image analysing system. 


Methods 


Ten in-patients (five females, five males; mean age 31 
years, range 17—65 years) with chronic plaque psoriasis 
were selected over a 9-month period. Five patients had 
large, confluent plaques and five had small plaque 
psoriasts. The percentage body surface area involved by 
psoriasis was assessed using the following three different 
methods. 


Rule of nines 
Four observers including three dermatologists and a 
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dermatology nurse of 8, 4, 1 and 11 years’ experience, 
respectively, were asked to assess the extent of psoriasis 
over two consecutive days using the rule of nines. The 
observers had no record of their previous estimations on 
the second day of observation and the order of assess- 
ment of the extent of the disease on both arms and legs 
and the front and back of the trunk were randomized to 
minimize memory recall bias. From these estimates of 
involved surface area, for each of the six body sites, a 
figure for the total percentage body area affected was 
calculated, excluding the 10% for head, neck and groin 
areas. 


Plaque tracings 


The plaque outlines for all body sites, excluding the head, 
neck and groin areas, were traced onto clear polythene 
sheets and the traced areas measured. In each patient six 
sheets were used to include the six body sites of both 
arms and legs and the anterior and postertor trunk; this 
process took approximately 60 min/patient. These trac- 
ings, including a 2-cm diameter circle for calibration, 
were reduced to 21 x30 cm black-and-white photo- 
graphs and the outlined plaque area was measured 
using a computer image analysis system. Before tmage 
analysis, the photographs of the plaque tracings had to 
be checked to ensure that there was a uniform thickness 
of traced outline with no breaks in the lines and very 
small areas had to be filled in, using a marker pen, to 
ensure that these were identified by the computer. 
Without these image adjustments, which took a further 
60 min/patient, the image analysis system joined up 
adjacent plaques or merged multiple plaques, thus 
producing an inaccurate image for measurement. 
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Figure 1. Patient 9: (a) front and (b) rear view. This patient, with small plaque psoriasis., was assessed by the four observers as having an average 19, 
12, 34, and 41% body surface involvement with psoriasis. The plaque traced area was 5% and the photographic method estimated 8% 


Photographs 


Black-and-white anterior and posterior whole body 
photographs measuring 21 x 30 cm were taken by a 
professional photographer in a studio using the same 
lighting and posture for each patient. The patient held a 
22-5 cm-diameter calibration disc, with a handle 
attached (Fig. 1). Photographs were analysed for extent 
of psoriasis, excluding the head, neck and groin, using 
the image analysis system. A light pen was used by the 
operator to outline the body site to be assessed on the 
image analysis colour monitor. A colour monitor was 
used so that grey tone differences on the black and white 
photograph could be colour coded and more easily seen 
by the operator. The image was enhanced by the image 
analysis system which automatically joined any incom- 
plete plaque outlines. The image analysis system was 
able to subtract the plaque outlines from the body 


outline so that this was not interpreted as a large plaque. 
Occasionally the image analysis system misinterpreted 
skin shadows as plaques or joined up adjacent plaques. 
The operator had to check to ensure that the computer 
derived image was identical to the original photograph 
and if necessary, adjustments were made using the light 
pen before area estimation. The light pen, or electronic 
pointer was used to draw and erase, on the displayed 
image, with a single-pixel accuracy in order to delineate 
the plaques correctly. There were 512 x 512 pixels, or 
picture elements, in the image when stored in the 
computer. By comparing the number of pixels in the 
outlined plaque area to the number in the known area of 
the circular calibration disc the computer was able to 
give an area of involved skin in mê. As pixels in the 
Magiscan system were square there was no need to make 
a correction for orientation. Each of the six body sites 
were analysed separatedly, which took 50 min/patient, 
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and the six sites added to give a measure of the whole 
body surface area involvement. 


Image analysis system 


The Magiscan image analysis system (Joyce-Loebl Ltd, 
Team Valley, Gateshead, U.K.) comprises a purpose-built 
image processing unit connected by a special parallel 
interface to a control processor. The image processing 
unit contains 2048 x 2048 pixels in its image memory, 
each pixel comprising up to 16 bits of data. Images are 
digitized with 8-bit resolutions (256 grey levels) from a 
monochrome TV camera, using the normal CCIR video 
standard (25 frames per s). The image processing unit 
displays images with colour overlays on a high resolu- 
tion colour monitor. Thus, for example, detected plaques 
areas were shown in red over the monochrome image of 
the patient, while the operator edited the red overlay 
with the light pen. The control processor is a PC/AT- 
compatible computer running MS-DOS. It has 1 Mbyte of 
RAM, a 1:4 Mbyte floppy disc drive and a 40 Mbyte hard 
disc. 


Conversion into percentage body surface area 


Standing nude body height and weight were measured 
in each patient and the total body surface area estimated 
from these results using the Dubois formula.* This area 
was reduced by 10% to allow for the excluded area of the 
head, neck and groin, giving the corrected body surface 
area. The area of involved skin, measured in mê, 
obtained from the photographic and tracing methods 
was then expressed as a percentage of this corrected 
body surface area. 


Statistical methods 

Day-to-day differences within observers’ and between 
the four observers’ estimations of surface area were 
analysed using two-way within-subject analysis of vari- 
ance. The differences between the traced surface area 
and the observers’ estimations were compared using a 
comparison of mean and differences. Using this method, 
the mean value of the differences indicates the bias 
between the two methods and the spread of these 
differences is indicated by the position of the two lines of 
agreement, the position of which is calculated from the 
formula 1:96 x SD, between which 95% of the differ- 
ences will lie, if the differences are normally distributed. 
If the difference between these lines of agreement is 


clinically acceptable then the two measurement meth- 
ods being compared can be used interchangeably. 


Results 
Rule of nines 


The 10 in-patients were assessed by four observers who 
estimated mean total percentage involvement with 
psoriasis as 20% (range 3-49%), 14% (3-28%), 23% (5- 
54%) and 33% (7-69%), respectively (Table 1). These 
differences were highly significant (P<Q-001 ANovVA). 
By contrast there was no significant difference between 
area estimations made on day 1 and day 2 with 
differences of just 1-2% (P>0Q-05 anova) (Table 1). 


Plaque tracings 


The plaque traced areas for the 10 in-patients ranged 
from 0:025 to 0-278 m?. Expressed as a percentage of 
the body surface area, this gave a range of 1-21% (mean 
9%) body surface area involved by psoriasis. The 
contribution varied with body site, so that on average in 
the 10 patients each arm contributed 0-59 and 0-73%, 
each leg 1-38 and 1:45% and the anterior and posterior 
trunk 2:4 and 2:6%, respectively. 


Photographs 


The total surface area involved by psoriasis ranged 
between 0:015-0-23 m? (mean 0-11 m7’), or 1-15% 
(mean 7%) for the 10 patients (Table 1). At the six 
different body sites the mean percentage body surface 
area involved by psoriasis in these 10 patients was: arms 
0-43 and 0:76%, legs 0:94 and 0:92%, anterior trunk 
1:92% and posterior trunk 2°25%. 


Comparison between plaque tracings and rule of nines 
assessment 


A total of 80 surface area assessments were made on the 
10 patients by the four observers over the 2-day period. 
On every occasion all the observers overestimated the 
area involved compared to the plaque traced areas. This 
overestimate was greater than twice the plaque traced 
areas on 49/80 or 62% of the observations. To deter- 
mine the degree of bias and spread of this overestimate 
the difference between the plaque tracings and observer 
values was plotted against their average for each 
observer (Fig.2). Observers 1, 3 and 4 overestimated by a 
mean of 11, 14 and 24%, respectively, and the range of 
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Table 1. Comparison of estimations of 
Observers involved surface areas by clmuical observers, 
a a a a : plaque tracings and clinical photograph. All 
1 2 3 4 Plaque values are plaque surface area as a 
ec «= percentage of the corrected body surface area 


Patient Dayl Day2 Day1 Day2 Dayl Day2 Dayl Day2 ‘Tracing Photo 


1 25 29 28 26 33 27 45 40 21 15 
2 16 15 9 9 18 18 25 14 8 3 
3 22 25 18 24 23 29 49 46 11 9 
4 13 22 14 19 20 19 33 38 12 8 
5 3 3 3 5 5 6 11 11 1 2 
6 20 16 14 15 23 20 23 24 10 11 
7 19 13 12 12 26 20 31 31 8 3 
8 7 9 4 6 7 6 7 7 5 1 
9 20 17 11 12 32 36 41 40 5 8 
10 43 49 16 16 39 54 69 68 10 13 
Mean 19 20 13 14 23 23 33 32 9 7 
Observer 1 Observer 2 


Difference in estimated percentage arsa 
between observer and plaque tracing 





ie) 6 w% 16 20 26 30 35 40 0 5 10 18 20 25 30 36 40 
Awarage estimated percentage area by Awerage eatimated percentage area by 
plaque tracing and observer plaque tracing and observer 
Observer 3 





Difference in estumated percentage area 
between obeerver end plaque tracing 





o & 0 18 20 26 30 35 40 0 g 10 16 20 25 30 36 40 
Average estimated percentage area by Average estimated percentage area by 
plaque tracing and observer plaque tracing and observer 


Figure 2. Comparison of the observer estimates of involved surface area and traced surface area. The difference between observer estimates and plaque 
tracings of involved surface area have been plotted against their average. The mean value of the differences (> ++» ) indicates the bias between the two 
methods and the spread of these differences is indicated by the position of the hatched (----- ) 1-96 x SD lines. Pattents with small plaque (W) and large 
plaque psonasis (0). i 
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Difference in estimated percentage area 
between plaque tracing and photograph 


a Sane ee | 


0 5 10 15 20 25 30 35 40 
Average estimated per enta e area by 





piague tracing and photograph 


Figure 3. Comparison of image analysis estimate of involved surface 
area from whole body photographs and traced surface area. The 
difference between photographic estimates and plaque tracings of 
involved surface area have been plotted against thelr average. The 
mean value of the differences (:-: ) indicates the bias between the 
two methods and the spread of these differences ts indicated by the 
hatched (----- } 1-96 SD lines Patients with small plaque (M) and 


large plaque psoriasis (0). 


the limits of agreement were 39, 43 and 66%, respect- 
ively. These differences between the observers’ estimates 
and the area obtained from the plaque tracing would not 
be clinically acceptable and thus these two methods 
could not be used interchangeably. By contrast observer 
2 overestimated with a bias of only 5% with limits of 
agreement between 11 and — 1% (Fig. 2). All observers 
made their greater degree of error when assessing 
patients with small plaque psoriasis, when a 3:8-fold 
overestimate was made, compared to the 1:7-fold over- 
estimate obtained in patients with large plaque psoriasis 
(Fig. 2). This is best illustrated by the patient illustrated 
in Figure 1 whose traced surface area was 5% compared 
to observer estimates of between 12-41% (Table 1). 


Comparison between plaque tracings and clinical 
photographs 


The mean involved surface area for the plaque tracings 
was 9% (1-21%) and for the clinical photographs it was 
7% (1-15%) (Table 1). In nine out of 10 patients the 
clinical photograph areas were within 5% of the plaque 
traced areas. Comparison of the differences between 
these methods and their average value (Fig. 3) shows 
that the clinical photographic method underestimates 
the area affected by a mean of —2% with limits of 
agreement ranging from 5 to —9%. 


Discussion 


This study shows that compared to the value obtained 
from plaque tracings the assessment of the extent of 
psoriasis by untrained clinicians using the rule of nines is 
inaccurate. Computerized image analysis of whole body 
photographs gives results approaching those acheived 
by image analysis of traced plaque outlines. No method 
used in this study can be assumed to have precisely 
measured the involved body surface area, although the 
plaque tracing method is probably the most accurate. 

The total involved traced surface area in our 10 
patients, all of whom had been admitted for treatment, 
ranged from 1 to 21% which is much less than might be 
expected from previous studies of disease extent assessed 
using the rule of nines.’ While disease extent is not 
always related to patient disability, because a small area 
of involvement on an exposed site may be more trouble- 
some than extensive involvement of covered skin, the 
extent of psoriasis is probably the most easily measured 
index of patient handicap. Other methods of area 
assessment such as point counting® have been proposed 
and may provide a simple alternative that needs to be 
compared with image analysis. The rule of nines was 
developed for estimating the surface area of burns’ and is 
an approximation of the previous direct measurement of 
body surface area.? The present study shows that, 
particularly in small plaque psoriasis, this method 
cannot be used by untrained observers, possibly because 
observers have to be able to group together by eye the 
multiple small, discrete and scattered plaques to assess 
the extent of psoriasis. Current methods of assessment of 
severity of psoriasis, including the PASI score, incorpor- 
ate an assessment of involved surface area based on this 
rule.? In the present study all observers using the rule of 
nines overestimated the proportion of skin involved by 
psoriasis by up to 1 1-fold compared to the areas obtained 
from plaque tracings and there was up to a fourfold 
difference between observers. In three observers the 
differences between the plaque tracing and observer 
values were so great that the two methods could not be 
used interchangeably. By contrast observers’ estimates 
showed little day-to-day variation although because 
there was only a 24-h interval between observations and 
patients were not studied in a group, recall bias cannot 
be excluded. One observer achieved an accuracy com- 
parable to that obtained by the image analysis of clinical 
photographs suggesting that the rule of nines could be 
used if observers were first trained and their accuracy 
tested using this technique. 

Plaque tracings had to be drawn, photographed, 
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photocopied to enhance black and white contrast and 
examined carefully to ensure that the plaque outlines 
were continuous before the involved areas could be 
measured using the image analyser. It took 2 h per 
patient to complete these various stages, underlining the 
fact that this is not a method to be used routinely in large 
studies. Compared with the plaque tracing method the 
photographic method slightly underestimated the traced 
areas, as would be expected when comparing a two- 
dimensional with a three-dimensional image. However, 
these differences were much less than those seen using 
the rule of nines and in nine subjects these differences 
were less than 5%. 

The Magiscan system is an industrial imaging system 
that was adapted for use in this study. It was more 
successful than previously described systems?’ but has 
two main disadvantages in that a large amount of 
operator interaction was needed and that high quality 
photographs, with clear plaque outlines and minimal 
body shadows were required. Manual editing of the 
computer-enhanced clinical photographs took 50 min 
per patient and without such editing small plaques 
would be merged and assessed as one large plaque. The 
image analysis system was not developed specifically for 
this type of work. It is likely that software could be 
developed for this or similar equipment to enable the 
rapid measurement of either the area in m? of a 
calibrating disc, and hence plaque surface area, or the 
percentage body surface area involved by comparing the 
plaque extent with the apparent total body surface area 
measured directly from the photograph. A different 
image analysis approach would make it possible to 
produce a system that does not depend on the absence of 
body shadows. By using a coloured image and compar- 
ing the ratio of green and red light, areas of similar 


coloured normal skin can be identifed despite differences 
in light intensity. Colour differences due to psoriatic 
plaques will have a different green/red ratio and thus 
can be distinguished from the surrounding normal skin. 

In conclusion, this study demonstrates that untrained 
observers cannot accurately estimate total involved skin 
surface area in patients with psoriasis, whereas Image 
analysis of two-dimensional photographs shows an 
accuracy similar to that obtained from traced plaque 
outlines. 
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‘Summary 


Using a rubber-based dental impression material, negative surface impressions were made of 


demarcated areas of skin and prepared as dry specimens for scanning-electron microscopy. Electron 
micrographs were taken at low magnification and, using a programed computer-assisted image 
analyser, it was possible to represent quantitatively the topography of that particular body site 
according to the degree of circularity of the various geometric subunits. This technique was most 
applicable to skin topography with a reliable geometrical pattern of triangles and squares, a feature of 
hair-bearing surfaces in general and in particular, the antecubital fossa. Using standardized trauma of 
various types the origin of skin surface markings were found to be located in the dermis. The technique 
was applied to the healing of experimental trauma produced by tape stripping, the resolution of 
clinical eczema and a comparison of steroid-treated and untreated tape-stripped skin. 


The skin surface is characterized by specific regional 
patterns which can be broadly divided into hair-bearing, 
flexural, frictional and dermatoglyphic surfaces.! In 
addition a fifth category, the surface topography of the 
face, has been suggested.* The patterns present on the 
skin surface have been a subject of considerable interest 
for many years and a number of investigations have 
been carried out regarding the changes in these patterns 
in various diseases. Replication techniques have been 


widely used, but the majority of these studies have been _ 


qualitative.!-? Some attempts have been made to develop 
quantitative approaches using various engineering 
devices such as surfometers?° and profilometers.! Quali- 
tative studies have clearly shown that the basic skin 
patterns are disrupted by disease processes and return 
with treatment to apparent normality. The need to 
quantify these changes is obvious, particularly to evalu- 
ate the different treatments used. The various impression 
methods show the patterns as they appear on the skin 
surface which are lost and regained as the disease runs 
its course. However, surfometer and profilometer studies 
do not quantitate these patterns, and measure the 
variations at the surface of the skin. The advent of readily 
available computer-assisted image-analysis systems has 
prompted us to re-examine this problem and to attempt 
to assess quantitatively skin surface patterns. We have 
used a rubber-based fine detail dental impression mater- 
ial to produce permanent models of the skin surface. The 
Correspondence: Dr D.W.K.Cotton, Department of Pathology, Univer- 
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virtue of this technique compared to biopsy studies is 
that sequential impressions can be obtained from the 
same skin site because the method is non-invasive. 


Methods 


Replication 


Dental impression material, ESPE Impregnum F, was 
mixed according to the manufactuer’s instructions and 
applied to a demarcated region of the skin. The negative 
impressions were left in 15% aqueous potassium hyd- 
roxide solution overnight to remove any adherent 
keratinocytes, dried and prepared as dry specimens for 
scanning-electron microscopy. Light microscopy and 
direct photography did not yield images of sufficiently 
high resolution for automated analysis and a wide range 
of other techniques were also studied.’ 


Scanning-electron microscopy 


The specimens were fixed to stubs with double-sided 
Sellotape, surrounded by liquid DAG and sputter coated 
in an atmosphere of argon for three 1-minute intervals 
at a current of 40 mA using an Edwards $150 Sputter 
Coater. They were photographed at a magnification of 
x 20 using a Philips 501 scanning-electron microscope 
at zero degree tilt and a voltage of 15 kV. 


Image analysis 
A Seescan computer-assisted image analyser was used to 
571 


572 R.MURPHY et al. 


assess automatically the electron micrographs. It was 
operated by a Task Programing Language (TPL), 
designed so that the operator preselects the desired 
mathematical function and a manual or automatic 
analysis of images within a certain grey scale range is 
performed. The triangular images distinctive to the hair- 
bearing surfaces were measured for their degree of 
circularity. The problem with this function is that the 
computer regards any small surface contaminant as a 
near perfect circle. To avoid this potential error, the area 
of the object being measured was combined with its 
degree of circularity. This mathematically separates 
those objects that have a high degree of circularity but 
very small areas, from the objects of interest that form the 
recognizable pattern. The expression combining these 
functions was termed Expression 2 which is mathemati- 
cally equivalent to: EXP 2=4 xn x Ax A/P x P, where 
A=area and P= perimeter. 


Nature of normal skin surface markings 


The normal skin from a healthy volunteer was subjected 
to various traumas: tape stripping, the application of 
liquid nitrogen and laser burns, and these were com- 
pared with sites at which a basal cell carcinoma had 
been treated with X-irradiation and with an old tattoo 
site. The progress of these experimental lesions was 
followed by making Impregnum impressions at various 
intervals for a period of several weeks. Normal skin 
biopsies were obtained from cadavers following Impreg- 
num impressions. These were sectioned horizontally and 
stained with CEA antigen to demonstrate sweat gland 
ducts. The slides were compared with the Impregnum 
impressions, 


Quantitation of normal skin markings 


Impregnum impressions were made from a demarcated 
area of the antecubital fossa and the dorsum of the hand 
daily for 5 days in two normal volunteers with no history 
of skin disease at these sites. The impressions were 
examined under the scanning-electron microscope and 
the same area was photographed and used for sub- 
sequent image analysis. 


Healing eczema and tape-stripped skin 


Skin surface impressions using ESPE Impregnum F were 
made daily from the tape-stripped skin on the dorsum of 
the hand of a patient with atopic eczema. Similar daily 
impressions were made before and afterwards from an 


area of tape-stripped skin in the antecubital fossa of a 
similarly aged control. The tape stripping was carried 
out with 1-cm pieces of Sellotape applied to the same site 
and vigorously removed. This was repeated 20 times 
each with a fresh piece of tape. 

A subsequent study compared the tape-stripped skin 
of both antecubital fossae, one side being treated daily 
with 0:5% hydrocortisone cream. The impressions were 
compared in the same way as those in the previous 
experiments. 

Photographs for the studies on reproducibility were 
always taken from the same area using orientation 
markers to avoid observer bias and the tendency to select 
‘best areas’. 

It was considered important when taking skin impres- 
sions to attempt to standardize the position of the skin 
because tensions pulling in different directions could 
distort the surface patterns. The subjects were kept in 
relaxed positions with no tension and no muscle con- 
traction. Comparable areas of skin were always exam- 
ined in similar postures. 

Ethical committee approval was obtained for all these 
studies and informed consent ‘was given by all the 
patients. 


Results 


Nature of normal skin surface markings 


It was observed that the regular skin surface markings 
seen on the palms and soles represented ridges on which 
sweat ducts opened. Horizontal sections showed that the 
sweat glands were arranged along the rete ridges. This 
pattern was complicated on hatr-bearing surfaces by the 
presence of the hair follicles, which broke up the regular 
pattern of the rete ridges into rete pegs with the original 
skin surface markings radiating out from these and 
bearing the sweat glands. 

All modalities of trauma disrupted skin surface mark- 
ings, but only those which significantly damaged the 
dermis caused loss of the markings that perststed for up 
to 5 months. 


Quantitation of normal skin markings 


The surface markings of the antecubital fossa and the 
dorsum of the hand did not appear to alter from day to 
day in both subjects. When the means and ranges for 
Expression 2 were plotted as a value for each intraindivi- 
dual sitte and as a summation of successive fields of view 
for that site, it could be seen that there was more 
inherent variation in the surface markings on the back of 
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Figure 1. (a) SEM ( x 20) from the dorsum of the hand of a normal 


individual. (b) SEM ( x 20) of an eczematous lesion on the dorsum of 


the hand before treatment. 


the hand than the antecubital fossa. The individual 
variation from area to area within a given topographical 
site, although small, became insignificant when three 
fields of view of the antecubital fossa were averaged, 
representing an area of 3 cm’. There was greater 
variation in the topography of the dorsum of the hand 
and this became significant when five fields representing 
an area of 5 cm? were averaged. The variation between 
sites in the antecubital fossa was so small that a single 
impression representing an area of 1 cm? could be used 
with confidence. 


Healing eczema and tape-stripped skin 


The eczematous process appeared to disrupt the small 


a 
* 


~~ 
: 


4 


fi 


i 


Figure 2. (a) SEM ( x 20) of an eczematous lesion on the dorsum of the 
hand after 3 days treatment (same site as Fig. 1(b)). (b) SEM ( x 20) ol 
an eczematous lesion on the dorsum of the hand alter 5 days treatment 
(same site as Fig. 1(b)), 


unit structures on the hair-bearing surface of the 
dorsum of the hand. The triangles and squares were 
‘opened up’ and more elliptical figures with ill-defined 
boundaries were evident. However, on healing the 
characteristic triangular unit structures of a hair- 
bearing surface reformed (Figs 1 and 2). Quantitation 
showed that the middle ranging values that represent 
the triangular unit structures were lost in frankly 
eczematous skin and reappeared as the skin healed. 
Tape stripping produced an erythematous tender area 
of skin. During the following 5 days the skin surface 
became progressively more rough and this was mirrored 
by a gradual breakdown of the skin patterning. The 
small unit structures were lost and replaced by a large 
coarse patterning of ill-defined units (Fig. 3). As the skin 





Figure 3. (a) SEM ( x 20) ofthe antecubital fossa of a normal individual. 
(b) SEM ( x 20) of the antecubital fossa of a normal individual 5 days 
following tape stripping (see text). (Same site as Fig. 3a.) 


became clinically normal, by day 15 post-stripping, the 
. surface markings regained the normal geometry of small 
unit structures for that site (Fig. 4). 

The application of topical steroid to tape-stripped skin 
resulted in a return to the normal pattern 3 days sooner 
than the non-treated control area. 


Discussion 


Skin surface markings have been extensively studied but 
there have been limitations as to their analysis. With the 
development of the Seescan image analyser with its Task 
Programing Language (TPL) these limitations have been 
largely overcome and it is possible to analyse quantitati- 
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Figure 4. (a) SEM ( x 20) of the antecubital fossa of a normal individual 


10 days following tape stripping (see text). (Same site as Pig. 3.)(b) SEM 
| x 20) of the antecubital fossa of a normal individual 14 days following 
tape stripping (see text). (Same site as Fig. 3.) 


vely very complex patterns. The reproducibility of the 
techniques used in our studies was good and the findings 
on the topography of the skin in the antecubital fossa 
agree with skin surface studies.- No attempt was made to 
quantitate other regional patterns that are more vari- 
able, although there seems no reason to suppose that 
this could not be overcome by taking larger or more 
numerous samples. The decision to use circularity as a 
form factor for quantitation was used for convenience. 
The pattern on the dorsum of the hand diminishes with 
age due to various factors, particularly photoageing. The 
lines become less pronounced and the geometrical 
pattern becomes less exact. This, in conjunction with the 
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greater inherent pattern variability at this site, suggests 
that the back of the hand is a less suitable area for the 
application of the technique compared to the antecubital 
fossa. Our findings regarding the origin of skin surface 
markings are in accordance with common experience in 
that it is well known that scars, which disrupt surface 
markings, only occur with dermal damage. In actinic 
damage with solar elastosis, the epidermis is thin and 
skin surface patterns are lost. 

The automatic image analysis of biological structures 
has considerable limitations. A low-power electron 
micrograph was chosen for analysis because light 
micrographs at the same magnification gave a greater 
degree of variability. Minor variations in the skin surface 
and the nature of the replication material were probably 
‘smoothed out’ by the technique of preparation for 
scanning-electron microscopy. Obviously electron 
microscopy is an expensive and complex technique 
compared to simple photography, but for establishing 
the technique and reducing ‘noise’ levels, it is superior. 
However, it is perfectly possible to perform image 
analysis using impressions or photographs if larger 
sample areas are used. 

The image analyser recognizes and measures images 
according to their shade of grey which is given a value 
represented on a grey scale. This set of values ranges 
from 0 to 127 where 0 is white and 127 is black with the 
shades of grey lying in between. Objects are measured 
only if they lie within a previously selected grey-shade 
range and so it is necessary for the operator to set the 
range to include the objects of interest. Inevitably, 
several objects share a common grey shade and some 
objects which are not of interest are measured. This can 
be avoided by making manual measurements but this 
increases the subjectivity of the technique. To minimize 
this effect the technique was made more selective by 
combining the functions of area and circularity which 
mathematically picked out the images of interest. Objects 
that are ‘contaminants’ are also measured and the 
technique is more reliable when used to show trends 
such as healing lesions, rather than used in isolation. 
Using the system in this way it was possible to follow the 
changes as eczema or tape-stripped skin healed and to 
show some effect of topical steroids on this process. 

Image analysis of the topographical changes in 
eczema and tape-stripped skin was sensitive enough to 
show a numerical difference between grossly lesional 
and clinically normal skin. This was represented by an 
absence or presence, respectively, of middle-range values 
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for Expression 2 (circularity x area). However, image 
analysis of the more subtle changes from one day to the 
next when the condition was almost healed did not 
reveal any regular differences; these were only apparent 
at intervals of 3-4 days. 

Quantitation of the surface microtopography of ecze- 
matous and tape-stripped skin showed a loss of the 
middle range values representing the triangular unit 
structures and this gradually returned as the skin 
became clinically normal. It is important to note that 
clinical restoration of tape-stripped skin after 14 days 
does not equate with restoration of the water barrier to 
full function.'* The virtue of the technique rests upon 
demonstrating a quantitative rather than a qualitative 
set of changes. 
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Summary 


Eighteen patients who developed cutaneous reactions to red tattoos were studied to identify the 


chemicals responsible for the reactions to modern red tattoo pigments. Biopsies from the tattoos were 
examined histologically and the chemical composition of the red pigments was analysed by X-ray 
microanalysis. A variety of metallic elements including aluminium, tron, calcium, titanium, silicon, 
mercury and cadmium were detected. Patch tests were performed to the relevant chemicals in nine 
cases, and only one patient reacted to mercury. This study demonstrates that although reactions to 
mercury still occur, other red dyes containing a variety of inorganic pigments may provoke a 


cutanous inflammatory response. 


Tattooing has been practised for over 8000 years and 
remains a common practice in various countries and 
cultures.’ The introduction of foreign substances into 
the skin can promote a toxic or an immunological 
response and reactions to various tattoo pigments, 
including red mercuric sulphide,? green chromium 
salts,? yellow cadmium sulphide,* blue cobalt salts,° 
purple manganese salts® and alluminium-containing 
pigments’ have been described. 

Various histological types of tattoo reaction are 
recognized, In general, dermal changes predominate, 
but epidermal changes such as acanthosis or spongiosis 
can also be seen.® The chronic inflammatory cell 
infiltrate can be nodular? with a well defined Grenz zone, 
lichenoid?® or granulomatous.'! Occasionally, tattoo 
reactions have the same histological and immunofluor- 
escence appearances as idiopathic lichen planus.!?-!* 
Granulomatous tattoo reactions take two forms. A 
foreign-body reaction to pigment can produce numerous 
giant cells containing large quantities of pigment./? An 
apparent hypersensitivity granulomatous reaction can 
also occur, characterized by dense aggregates of epithe- 
lioid cells, a thin peripheral ring of lymphocytes and few 
giant cells.213/4 These appearances may be indis- 
tinguishable from the tattoo involvement seen as a 
Kébner response in sarcoidosis!>:° and further investi- 
gations may be necessary to exclude systemic disease. 


Correspondence: Dr J.M.Sowden, Department of Dermatology, Univer- 
sity Hospital, Nottingham NG7 2UH, U.K. 
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Occasionally, the dermal infiltrate may be so dense 
and nodular as to suggest a diagnosis of cutaneous 
lymphoma. Usually, there are suffictent clinical and 
histological criteria to diagnose pseudolymphoma 
although tmmunocytochemistry may be necessary to 
confirm the diagnosts.17-18 

In a 2-year period up to December 1988, 18 patients 
with inflammatory reactions confined to red tattoos 
were referred to the Stoke Dermatology Unit. Biopsies 
were taken from all of the tattoo reactions and examined 
histologically. X-ray microanalysis of biopsy material 
was also performed in an attempt to define the nature of 
the foreign materials within the skin. The theoretical 
aspects of this procedure have been described pre- 
viously’? and the technique has been used to study 
tattoos.”? 


Methods 
Patients 


All patients were referred by their family practitioners 
and presented with similar symptoms and signs. Patients 
complained of discomfort and swelling affecting their red 
tattoos. Examination revealed swelling, induration and 
tenderness of the red areas of the tattoos; other colours 
were not involved. One patient (Case 18) subsequentiy 
developed systemic sarcoidosis but all others remained 
well throughout the study. 
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Figure 1. Electron micrograph showing large 
amounts of tattoo pigment. mostly within a 
dermal macrophage ( x 9600). 


Histology 


Biopsies were taken from inflamed portions of the red 
tattoos under local anaesthesia. Specimens were fixed in 
buffered formalin-saline and processed to paraffin wax 
using standard techniques. Sections were stained with 
haematoxylin and eosin. In the cases where immuno- 
fluorescence studies were performed, portions of the 
biopsies were sent unfixed for analysis and examined 
using standard immunofluorescence techniques. 


X-ray microanalysis 


Histological sections taken from the formalin-fixed, 
paraffin-processed biopsies of tattoos were examined 
microscopically to select areas containing pigment. 
These sections were processed to EMIX epoxy resin 
through xylene and then propylene oxide. Capsules filled 
with resin were inverted over the relevant area of the 
section and polymerized overnight. The blocks with 
adherent section were removed from the glass slide using 
a razor blade. Ultrathin sections of the relevant area 
were cut using a Reichert Ultracut and mounted on both 
copper and nickel grids to overcome elemental masking 
on analysis. Sections were examined ultrastructurally 
on a Phillips 400 transmission-electron microscope 





“J 


vi 
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(TEM), and analysed using an Energy Dispersive Analy- 
sis of X-rays (EDAX) attachment (model 71 1) interfaced 
to an EDAX Peak Identification Computer (609A). 
Conventional electron micrographs were taken of rele- 
vant areas using plate film incorporated into the TEM 
(Fig. 1) and polaroid photographs were taken of the VDU 
showing the elemental peaks from EDAX (Fig. 2). Using 
this analyser only elements with atomic numbers 
between 11 and 92 can be detected. 


Patch tests 


Following the X-ray microanalysis, patch tests to the 
relevant chemicals and red tattoo dyes were performed 
in some of the cases. One of the local tattoo studios 
provided the red dyes allegedly used in six of the patients, 
although no formal records of the pigments used had 
been kept. 

The following patch tests were applied using standard- 
ized techniques with readings at 48 and 72 h: mercury, 
1% ammoniated mercury (mercuric chloride) in petrola- 
tum; cadmium, 1% cadmium chloride in water: iron, | 
and 2% ferric chloride in water; aluminium, 10% 
aluminum sulphate in water; phosphorus, 1% phos- 
phorus sesquisulphide in petrolatum; and tattoo pig- 
ments, 10% red pigments in water. 
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Results 


79 23100EY K 248 CD 
The patient details, histology, X-ray microanalysis and ¥S:186868 HS: 26EV/CH 
patch-test results where appropriate are shown in 
Table 1. 


Clinical features 


Over a 2-year period, 17 males and one female patient 
were seen with inflammatory reactions confined to red 
tattoos. No reactions to other colours were seen during 
this period. Three patients had developed inflammation 
| 2 years after the tattoos were performed; mercury was 
identified in two of these three tattoos. By contrast, most 
of the tattoos had been performed within 2 years of 
presentation, and only two out of these 15 contained 


mercury. i 2 9 8 8 8 - 





Photoaggravation of tattoo reactions Figure 2. Photograph of the VDU showing the elemental peaks from the 
EDAX for Patient 9. The peaks (from left to right) correspond to 
Seven patients noticed that their red tattoos became mercury, cadmium and copper (present on the grid) 


Table 1. Details of patients presenting with red tattoo reactions over a 2-year period to December 1988 


22 


Duration of tattoo 
prior to reaction 


reaction 


months (m) X-ray 
Case Age/sex years (y) Photoaggravation Histological pattern microanalysis Patch tests 
| 29 M 12 m Yes Lichenoid Fe/S/Ti 
2 19 M 7m Lichenoid Fe/S/Ti 
3 19 M 12m Yes Lichenoid P P Neg 
lat. Pig.Neg 
4 19 M 12 m Lichenoid AL/Si/Fe/Ca 
5 22 M 12 m Granulomatous [i 
6 27M 12m Yes Granulomatous Al/Si/Fe/Ca 
7 26 M 14 m Lichenoid P/Al/Ca lrat.Pig.Neg 
N 22 F 24 m No Lichenoid AI/P/S P Neg 
Tat.Pig.Neg 
9 20 M 24 m Yes Lichenoid Hg/Cd Hg/Cd Neg 
rat Pig.Neg 
10 26M 6m — Nodular AL/P/S/Ca Al/P Neg 
|] 33 M 15 y Nodular Hg/Cd Hg Pos 
Cd Neg 
12 20 M 12 m No Lichenoid Al/Si/Fe/Ca 
P/S 
13 20M 18 m Yes Lichenoid AL/S/P/Ti Tat.Pig.Neg 
14 I8 M 12 m No Lichenoid Al/Si/Fe/Ca 
15 34M 12 y Yes Lichenoid Hg Hg/Cd Neg 
Tat.Pig.Neg 
16 22 M 18m Lichenoid ri/Al/Si/Fe/Ca 
17 33 M 24 m Yes Lichenoid He/Cd He/Cd Neg 
18 32M I5 y No Sarcoidosis Fe 


aan 


, Not available; Tat.Pig, tattoo pigment; Pos, positive: Neg. negative: Fe, iron; S, sulphur; Ti, titanium; P, phosphorus: Al, aluminium; Si, silicon; Ca. 
calcium; Hg, mercury: Cd, cadmium. 
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more inflamed following sun exposure, and three of 
these attributed the onset of their tattoo reactions to 
sunlight. 


Histology 


The most common histological pattern was a lichenoid 
reaction, seen in 13 of the 18 patients. Immunofluores- 
cence studies were performed in four of these cases and 
dermal IgA and IgM coated colloid bodies were seen in 
two biopsies. Three biopsies showed a granulomatous 
infiltrate, and one of these patients developed systemic 
sarcoidosis. The remaining two cases showed a nodular 
dermal lymphohistiocytic infiltrate with a Grenz zone. 


X-ray microanalysis 


Aluminium was found in nine biopsies, iron in eight. 
calcium in seven, sulphur and phosphorus in six, 
titanium and silicon in five, mercury in four and 
cadmium in three biopsies (Table 1). 


Patch tests 


Patch tests were performed in a total of nine patients. 
Seven patients had patch tests to elements detected in 
their red tattoos by X-ray microanalysis. One of these 
reacted to 1% ammoniated mercury. Six patients were 
patch tested to the red tattoo pigments allegedly used in 
their tattoos and none of these was positive. 


Discussion 


Reactions to mercury sulphide in the red tattoo pigments 
artificial cinnabar, vermilion or Chinese red have been 
well documented.’ In the period 1960-68, out of 57 
patients with reactions to red tattoos, 45 were sensitive 
to mercury on patch testing.*° Because of the problems 
with mercury, alternative red dyes have been used for 
tattooing, including cadmium red {cadmium selenide), 
sienna/red ochre (ferric hydrate) and organic substances 
such as sandalwood and brazilwood. Despite the avail- 
ability of these mercury-free alternatives, reactions to 
red tattoos continue to be reported.?!° We have per- 
formed the first large study of red tattoo reactions using 
histological techniques, X-ray microanalysis and patch 
testing. 

One of the alternatives to mercury compounds is 
cadmium, which can be found in both yellow (cadmium 
sulphide) and red (cadmium selenide) tattoo pigments. 
Historically, cadmium has been identified in photosensi- 


tive reactions to tattoo pigments.* 4 In our series, seven 
patients noticed that their red tattoos became more 
inflamed with sun exposure. and three of these attri- 
buted the onset of their tattoo reactions to sunlight. X- 
ray microanalysis studies on tattoo biopsies revealed 
cadmium and mercury in two patients, mercury alone in 
the third and a variety of elements in the remaining four 
biopsies. This suggests that photoaggravation of tattoo 
reactions is not confined to cadmium-containing tattoos. 
Further investigations would be necessary to distinguish 
photoallergic from phototoxic reactions. 

Biopsies taken from the red tattoo reactions revealed a 
variety of histological patterns. In Case 18, the dermal! 
changes were suggestive of sarcoidosis, with densely 
packed non-caseating epithelioid—cell granulomata 
associated with a sparse lymphocytic infiltrate. Further 
investigations revealed systemic sarcoidosis with pul- 
monary and joint involvement. This patient has been 
reported elsewhere.”! In two patients, the granuloma- 
tous infiltrate showed features of a foreign-body reac- 
tion, with numerous giant cells containing large quanti- 
ties of pigment. In the remaining 15 patients the derma! 
infiltrate was predominantly lymphohistiocytic. In two 
cases, this infiltrate was nodular with a Grenz zone and 
in the remaining 13 biopsies the infiltrate was lichenoid. 
In two patients, IgA- and IgM-coated colloid bodies were 
identified in the upper dermis. 

There have been eight previously reported cases of 
lichenoid reactions to red tattoos.'°!**? In one case 
analysis of the tattoo pigment revealed mercury and 
patch tests to mercuric compounds were positive. 
Although another case reacted to mercuric chloride 
patch tests, mercury was not identified in either the 
tattoo pigment or the biopsy material. t° In our series, X- 
ray microanalysis demonstrated mercury in only three 
of the 13 lichenoid reactions, suggesting that this 
inflammatory response occurs as a reaction to a variety 
of red tattoo pigments. 

In our series, seven of the patients had patch tests to 
elements identified in their tattoos by X-ray microanaly- 
sis. One patient with mercury and cadmium in his 
tattoos reacted to 1% mercuric chloride but not to 1% 
cadmium chloride. None of the other patch tests were 
positive. Six patients showed negative patch-test reac- 
tions to the red pigments allegedly used in their tattoos. 
However. because the tattooist had not kept formal 
records of the tattoo pigments used, the validity of these 
data can be questioned. Overall, these results support the 
argument that patch tests are not a useful investigation 
in patients with tattoo reactions.!°:!? In contact dermati- 
tis, antigen-presenting cells within the epidermis initiate 
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the inflammatory response and epicutaneous testing is 
justified. In tattoo reactions, the inflammatory response 
is triggered by material within the dermis and intracuta- 
neous testing seems more appropriate.’ As our patients’ 
tattoo reactions responded to etther topical therapy or 
surgery, we did not feel that intracutaneous testing was 
justified. 

This study demonstrates that a variety of metallic 
compounds are found in red tattoo pigments (Table 1). 
The two tattoos performed in the 1970s contained 
mercury, but since then there has been a move away 
from using mercury-containing dyes. Despite this, two of 
the tattoos performed 2 years prior to presentation 
contained mercury. Ferric hydrate (sienna or red ochre) 
and cadmium selenide (cadmium red) are recognized 
mercury-free alternatives; tron was identified in the 
tattoos of eight patients and cadmium in three others. Of 
the other metallic elements detected by X-ray microana- 
lysis, titanium, aluminium, silicon and calcium are all 
used in white tattoo pigments?’® and it is likely that these 
were added to red dyes to produce a lighter colour. A 
total of eight biopsies contained either phosphorus or 
sulphur, and in four cases the two were found in 
combination. This raises the possibility that phosphorus 
sequisulphide is used in some red tattoo pigments. 

The X-ray microanalysis system used in this study 
does not detect elements with atomic numbers less than 
11 and so cannot identify either carbon or organic dyes. 
With Patients 6 and 14, although electron microscopy 
detected large quantities of pigment within the dermis, 
the X-ray microanalysis only found traces of aluminium, 
silicon, iron, titanium and calcium. It is likely that in 
many of the patients, organic dyes were used in 
conjunction with red iron-containing compounds and 
white pigments containing aluminium, silicon and 
calclum. Organic dyes that have been used as 
alternatives to metallic compounds include sandalwood 
and brazilwood. Unfortunately, we have been unable to 
discover the orlgin or nature of the organic dyes used in 
our patients. 

This study revealed 17 patients with reactions to red 
tattoos and no reactions to other colours. Despite the use 
of mercury-free alternatives, reactions to red tattoo 
pigments containing a variety of metallic elements and 
organic dyes continue to be a problem. The predominant 


histological picture in this sertes was the lichenoid tattoo 
reaction. As with previous studies!°122? we were unable 
to link this reaction to any single metallic element or 
tattoo dye. 
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Summary 


The effect of topical PUVA was investigated in the treatment of patients with persistent palmoplantar 


pustulosis (PPP). In this double-blind, placebo-controlled trial of 27 patients with PPP there was an 
overall improvement of the hands and feet in both the active and placebo-treated areas and little 


difference between them. 


Persistent palmoplantar pustulosis (PPP) is a chronic 
dermatosis characterized by relapses and remissions and 
which presents to the dermatologist a considerable 
therapeutic problem. Oral psoralen photochemotherapy 
(PUVA) has been shown to be of value in the treatment of 
PPP in a placebo-controlled study. However, oral 
administration of psoralens can produce a number of 
adverse reactions, many of which can be avoided by the 
topical use of the drugs. Several uncontrolled studies!+ 
have suggested that topical PUVA may be of value tn the 
treatment of PPP. However, one uncontrolled study 
found topical PUVA to be tneffective.° 

The aim of this study was to investigate how effective 
topical PUVA was in the treatment of PPP. 


Methods 


The study comprised 27 patients with bilateral sym- 
metrical and therapy-resistant PPP for at least 1 year’s 
duration of either the hands or feet or both. No other 
treatment was administered in the month prior to the 
start of the study and any topical treatment used during 
the course of the trial was applied bilaterally. Of the 
patients, 13 resumed having topical therapy at the start 
of the trial, nine with emollients and four with steroid 
preparations. All the patients gave informed consent. 

Twenty-six patients received treatment to their feet 
and 18 to their hands. The extent and severity of the 
disease was assessed prior to treatment and after 4 and 8 
weeks of therapy. The method by which percentage 
involvement was assessed ts shown tn Figure 1. For the 
feet, 2% was allocated to each toe and the sole was 
Correspondence: Dr A.M.Layton 


divided into nine equal parts each representing 10%. For 
the hands, the fingers, thumb and thenar eminence were 
each allocated 10% and the palm was divided into eight 
equal parts representing 5% each. The total active and 
resolving pustule counts were recorded and a grade 
calculated for PPP according to an erythema, scaling 
and fissuring score, where 0O=normal or near normal 
skin with minimal scaling, 1=erythema with scaling 
only, 2=erythema, scaling and shallow fissures and 
3=erythema, scaling and deep fissures. Subjective 
symptoms were assessed by the patients using a 10 cm 
horizontal linear analogue scale. | 

At the initial visit each side was randomly allocated 
active or placebo therapy. To the side receiving active 
therapy, an application of 0-75% 8-methoxypsoralen in 
a hydrophilic water/oil emulsion (Deltasoralen, Delta 
Laboratories, Dublin, Republic of Ireland) was applied to 
the entire palm and/or sole 10 min prior to exposure to 
UVA, The phototherapy was given using a Coast-air 
blacklight HF1 unit with a starting dose of 1 J/cm? and 
increasing gradually up to a maximum of 15 J/cm’. 
Immediately after exposure to UVA the psoralen prep- 
aration was washed off using emulsifying ointment. To 
the placebo-treated side, the emulsion base only was 
applied for 10 min prior to exposure to the light source. A 
Perspex plate was inserted between the palm/sole and 
the UVA light source at the placebo-treated side. These 
procedures were carried out so that the patient was 
unaware which side received active treatment. All the 
patients had treatment three times a week over the 
course of 8 weeks and all completed the trial. The data on 
the hands and feet were analysed separately using non- 
parametric statistics by the Wilcoxon ranked-pairs test. 
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Figure 1. Assessment of percentage involvement by PPP. Foot: each toe 
represented 2% of the total, and the sole was divided into nine equal 
parts each representing 10%. Hand: the fingers, thumb and thenar 
eminence each represented 10% of the total, and the palm was divided 
into eight equal parts each representing 5%. 


Table 1. Comparison of patient status of active and placebo-treated 
areas after topical PUVA treatment 


Achve group Placebo group 
Feet Hands Feet Hands 
(n=26) (%) (n=18)(%) (n=26)(%) (n= 18) (%) 

Cleared O 0 0 0 
Improved 18 (69) 12 (67) 18 (69) 11 (61) 
Worse 4 (15) 4 (22) 5 (19) 4 (22) 
Static 4 (15) 2 (11) 3 (11) 3 (17) 
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Results 


There were no significant differences between the active 
and placebo-treated areas with respect to the baseline 
assessments. 

Similar numbers of patients improved, remained static 
or deteriorated in the active and placebo-treated areas 
for both the feet and hands (Table 1). Analysts of each 
objective assessment showed similar results (Figs 2-5) 
but there were some between-group differences at 4 
weeks. 

Within-treatment comparisons of percentage area 
affected showed significant improvements from O at 4 
weeks (P<Q-05) and 8 weeks (P<0-004) in both the 
active and placebo-treated sides. Between-treatment 
comparisons showed significant improvements at 4 
weeks for the actively treated side in both the feet 
(P=0-003) and the hands (P=0-009). However, this 
significance was not evident at 8 weeks (Fig. 2). 

Pustule counts were reduced at 4 and 8 weeks for feet 
and hands. These changes were all significant except at 
4 weeks in the placebo-treated hands (P=0-15). There 
was a significant improvement between the active and 
placebo-treated feet at 4 weeks only (P=0-05) (Fig. 3). 
On the hands and feet the grade according to scaling, 
erythema and fissuring (Fig. 4) improved significantly 
from 0 at 4 weeks (P< 0-04) and 8 weeks (P<0:05), but 
there was no significant difference between the treat- 
ments. The patients also detected symptomatic improve- 
ment (Fig. 5) with significant changes within treatments 
at 4 and 8 weeks in all groups. There was also a 
significant between-treatment Improvement at 4 weeks 
for the actively treated hands (P = 0-04) but this was not 
present at 8 weeks. The between-treatment comparisons 
are summarized in Table 2. 

Side-effects were experienced by a small number of 


P=0009 


Figure 2. Mean percentage area of 
8 involvement. (a) Feet, (b) hands. E, active; 
@, placebo. 


Figure 3. Mean total pustule count. 
(a) Feet, (b) hands. E, active; @, placebo. 


Figure 4. Mean grade for erythema, scaling 
and fissuring. (a) Feet, (b) hands. 0, normal 
or near normal skin with minimal scaltng; 1, 
erythema with scaling only; 2, erythema, 
scaling and shallow fissures; 3, erythema, 
scaling and deep fissures. E, active, @, 
placebo. 


Figure 5. Mean assessment of symptoms by 
patients on 10 cm horizontal linear analogue 
scale. (a) Feet, (b) hands. E, active; 

@, placebo. 
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Table 2. Significant between-treatment comparisons at 4 weeks 


% Area Pustule count Symptoms 
Feet P=0:003 P=0:-05 m 
Hands P=0-009 — P«aQ-04 


Table 3. Side-effects in patients receiving PUVA therapy (percentages 
in parentheses) 


Blistering Pruritis Erythema 
Feet 4 (15) 3 (11) 3 (15) 
Hands 3 (17) 2 (11) 2 (11) 


patients receiving PUVA (Table 3). These patients were 
able to resume therapy after missing two consecutive 
treatments and restarting with a reduced dose of UVA. 
The mean amount of UVA in the treatment of the hands 
was 176 J/cm? and for the feet 184 J/cm?. 


Discussion 


The results of this study indicate an overall improvement 
in both the active and placebo-treated areas of patients 
with PPP. A number of factors may have influenced the 
mean overall improvement, as it is well recognized that 
PPP can spontaneously relapse and remit and it is 
possible that some of our patients may have undergone 
spontaneous improvement of their disease at the time of 
assessment. The placebo effect of clinical trials is also 


well established. Thirteen of our patients resumed 
topical therapy at the start of the study and this may 
have been a further factor. Small amounts of psoralen 
could also be absorbed through the skin and this might 
have had a systemic effect and produced an improve- 
ment. However, the amount absorbed would have been 
extremely small and could have played little part in 
influencing any of the assessments. 

This study has demonstrated that topical PUVA does 
have a limited theapeutic effect In PPP. However, the 
significant improvement as seen at 4 weeks was not 
maintained at 8 weeks and a sustained symptomatic 
improvement was not achieved as compared to the 
placebo. We would not recommend the use of topical 
PUVA for refractory PPP and our study contradicts 
previous observations made in uncontrolled studies on 
this disorder.1~* As oral psoralen photochemotherapy 
has been shown to be an effective treatment for PPP in a 
controlled trial! this would be more appropriate than 
topical psoralens for refractory PPP. 
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The plasma 8-methoxypsoralen (8-MOP) concentration was measured in 60 patients commencing 
psoralen photochemotherapy (PUVA). At the time of blood sampling each patient was phototested 
using a series of 10 exposures to UVA. The resulting erythema was measured objectively 72 h after 
irradiation and dose-response curves for psoralen-UVA erythema were constructed. Although the 
dose of 8-MOP was calculated according to body weight, patients receiving 30 mg of 8-MOP had a 
significantly lower mean plasma concentration than those receiving higher doses. There was no 
significant correlation between plasma 8-MOP concentration and minimal phototoxic dose, either 
estimated visually or calculated from the dose-response curves. However the slope of the dose- 
response curve showed significant correlation with plasma 8-MOP concentration. The variation 
between patients in the rate of increase of the erythemal response, but not the variation in threshold 
sensitivity, can be explained by differences in plasma psoralen concentration. 


In psoralen photochemotherapy (PUVA) the main factor 
which limits the dose of UVA radiation that can be given 
at each treatment is the development of erythema, 
which is maximal 48-72 h after irradiation.' Although 
the dose of UVA used at the start of a course of treatment 
is usually chosen according to the sun-reactive skin type 
of the patient, +? we and others have shown that the 
marked variation in erythemal sensitivity to PUVA 
between patients is not related to skin type.** The 
plasma concentration of 8-methoxypsoralen (8-MOP) 
after an oral dose determined according to body weight is 
also known to show considerable variation between 
patients.*° In order to study further the variation in 
erythemal sensitivity to PUVA we have measured 
simultaneously the plasma psoralen concentration and 
psoralen-UVA erythemal response in patients at the 
start of PUVA treatment. 


Methods 
Patients 


We studied consecutive patients commencing treatment 
with PUVA, excluding those who had received photo- 
therapy within the previous 6 months or who had 
insufficient normal skin for phototesting. Of the 60 
patients studied, 54 had psoriasis and the remaining six 
patients were receiving treatment for pre-mycotic erup- 
tions or eczema. Clinically normal skin on the flexor 


aspect of the forearm was used for phototesting and the 
sun-reactive skin type of each patient was recorded. 

8-methoxypsoralen in a crystalline form (Promedica, 
Levallois-Perret, France) was given orally at a dose of 0-6 
mg/kg (calculated to the nearest 10 mg) 2 h before 
phototesting. No dietary advice was given to the 
patients. 


Phototesting procedure 


Neutral density filters of varying thickness were 
mounted over 1-cm diameter apertures in a UVA opaque 
plastic template which was secured to the flexor aspect of 
the forearm. The remaining skin of the forearm and 
hand was protected from UVA exposure using a tightly 
woven cotton sleeve. The whole forearm was then 
exposed to radiation from 15 standard PUVA fluorescent 
lamps (Philips TL 40W/O9R) mounted in a cylindrical 
configuration resulting in a uniform irradiance at the 
skin surface of 20 mW/cm?. As the neutral density 
filters alter the intensity of the radiation and not the 
spectrum, a single exposure of 30 J/cm? to the template- 
protected arm thus resulted in 10 skin sites being 
exposed simultaneously to a series UVA doses ranging 
from 0-8 to 30 J/cm’. UVA transmission through the 
filtered template was measured using a TL 40W/O9R 
lamp in conjunction with a spectroradiometer (model 
742; Optronic Labs Inc, Orlando, FL, U.S.A.) and the 
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irradiance of the UVA lamps used for phototesting was 
measured using a radiometer (IL 700; International 
Light, U.S.A.). 


Measurement of plasma psoralen concentration 


A 10-ml sample of venous blood taken at the commence- 
ment of phototesting was anticoagulated using preser- 
vative-free heparin before extraction and analysis using 
a modification of a previously described technique.’ In 
brief, plasma samples were passed through Sep-Pak-C18 
solid phase-extraction cartridges (Waters-Millipore, 
Cheshire, U.K.). An additional washing step using 10-ml 
of distilled water introduced after the plasma was applied 
to the cartridge was found to result in a cleaner elution of 
8-MOP, and to reduce particulate matter in the extract. 
The 8-MOP collected from the cartridge was analysed by 
reversed-phase HPLC using a u Bondpak phenyl chro- 
matography column with Waters-Millipore (Cheshire) 
equipment. 

In 14 patients the plasma psoralen levels were 
measured at two subsequent attendances for PUVA 
treatment, not necessarily at the same time of day as the 
first attendance but still 2 h after ingestion of the 8-MOP 
tablets. 


Measurement of erythema 


A visual assessment of the minimum dose of UVA 
required to produce just detectable erythema (minimum 
phototoxic dose (MPD)), was made 72 h after irradiation 
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Figure 1. An example of the dose-response curve for PUVA erythema 
in one patient. Each point represents the mean {+SD) increase in 
erythema index over background measurements. The solid line 
through the data points is the logit function obtained by regression 
analysis. 


in all patients. Objective measurements of the intensity 
of erythema at each site were made at the same time 
using a reflectance instrument which obtained an 
erythema index related to the blood content of the 
superficial dermis.” Triplicate measurements were made 
and the vasodilatation due to the radiation was 
expressed as the difference between the mean erythema 
index at each test site and the mean erythema index on 
adjacent unirradiated skin.’ 

For every patient the increase in erythema index 
measured at each test site was plotted against the 
logarithm of the UVA dose. An iterative, least squares, 
linear regression technique was used to fit a logit 
function to the data obtained for each patient (Fig. 1). 
The maximum slope of this function was calculated, and 
also the dose of UVA (Do-o25) required to achieve an 
increase in erythema index of 0-025 (equivalent to a just 
perceptible erythema). 


Results 
Patients 


A total of 60 patients, 35 male and 25 female with a 
median age of 35 years (range 11-79 years) were 
studied. Five patients were of skin type I, 23 of skin type 
I], 22 of skin type IN and 10 of skin type IV. 


PUVA erythemal response 


Two of the patients failed to return for measurement of 
the phototest responses, and one developed extensive 
eczema over the test sites, precluding their measure- 
ment. Of the remaining 57 patients, nine showed no 
erythemal response at the test sites, even to the highest 
UVA dose of 30 J/cm’. For subsequent statistical analysis 
the MPD and Do.o2s for these patients were judged to be 
greater than 30 J/cm?. Sufficient data points to construct 
a dose-response curve (Fig. 1) for PUVA erythema were 
available in 47 patients. 

The Kruskal-Wallis test showed no significant differ- 
ence between skin types as regards erythemal sensitivity 
to PUVA, assessed either as the MPD or measured Do.o25 
(Table 1). 


Plasma psoralen concentration 


The plasma concentration of 8-MOP ranged from unde- 
tectable (< 10 ng/ml) to 890 ng/ml, and values for the 
60 patients showed a positive-skewed distribution (Fig. 
2). The mean coefficient of variation obtained from 
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Table 1. The MPD (J/cm?) and Do o25 (J/cm?) 


according to sun-reactive skin type Sun-reactive skin type 
I H OI Iy 
MPD Do 025 MPD Do 025 MPD Do 025 MPD Do 025 
>30 >30 2°7 2°6 2'7 2:2 > 30 <30 
08 1-3 >30 >30 3-9 1-4 24 2-3 
2°7 1-5 >30 >30 2:1 1:8 9-1 12-1 
1-0 0-8 2:7 1-3 > 30 > 30 3-9 3-0 
9-1 9-0 2-7 2:4 3°9 1:9 2:7 2:2 
5:0 4-9 39 1:7 > 30 > 30 
2:7 2°3 3°5 3-2 9-1 10:0 
3-9 3:3 2°4 1:8 >30 > 30 
3-9 2:9 27 1-4 1-4 0-9 
2-7 1:7 > 30 > 30 2:0 0:8 
27 1-8 3:9 5:0 
71 10-0 2:7 1'5 
7-1 6'2 10:2 11-7 
2:7 0-6 10 1+] 
1-1 2:9 3°9 1:2 
6-0 5:9 9-1 8-8 
2:7 0-5 2:7 3°7 
2-7 1:7 1:4 37 
2-6 3-7 >30 >30 
14 1:5 1:4 1:6 
4:5 57 « 
1:4 22 


triplicate assays of aliquots of plasma from each patient cantly lower (P<0-01, t-test) than that for patients 
was 4:1%. Analysis of variance of log-transformed data taking a higher dose, but the mean concentration was 
showed a significant difference (F-ratio 6-7; P<0:001) otherwise independent of the dose administered. 

in plasma concentration depending on the dose of 8- The results of plasma psoralen measurements in the 
MOP (Fig. 3). The mean plasma concentration in 14 patients from whom blood samples were obtained on 
patients taking an 8-MOP dose of 30 mg was signifi- three different treatment days are shown in Table 2. 
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Figure 2. The distribution of plasma 8-methoxypsoralen concentration Figure 3. The variation in 8-methoxypsoralen concentration accord- 
m 60 patients. ing to dose. 
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Table 2, The variation in plasma 8-methoxypsoralen concentration on 
three different treatment days in 14 patients 





Plasma 8-MOP concentration (ng/ml) 


Pattent number Sample 1 Sample 2 Sample 3 
1 20 21 32 
2 314 238 84 
3 170 11l 96 
4 299 250 286 
5 56 20 182 
6 72 81 14 
7 320 329 348 
8 126 52 199 
9 52 662 870 

10 264 322 112 

11 351 228 264 
12 177 412 124 
13 395 126 68 
14 253 328 246 
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Figure 4. The relationship between plasma 8-methoxypsoralen con- 
centration and minimal phototoxic dose. Patients in whom the highest 
dose of radiation (30 J/cm?) failed to achieve erythema are represented 
by open circles. 


Analysis of variance on log-transformed concentrations 
showed significantly greater between-patient than 
within-patient variation (F-ratio 3:5; P<0-05). 

The lowest 8-MOP concentration associated with the 
development of skin erythema was 44 ng/ml; six out of 
the nine patients with no detectable erythema had 
plasma 8-MOP concentrations below that level. Apart 
from this threshold effect there was no significant 
correlation betweeen plasma 8-MOP concentration and 


PUVA erythemal sensitivity, assessed either as the MPD 
(Fig. 4) or measured Do o25 (Fig. 5). However, plasma 8- 
MOP concentration and the maximum slope of the 
PUVA erythemal dose-response curve showed signif- 
cant correlation (Spearman rank correlation coefficient 
0-49; P<Q-001) (Fig. 6). 
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Figure 5. The relationship between plasma 8-methorypsoralen con- 
centration and Do o25. Patients in whom the highest dose of radiation 
(30 J/cm?) fuled to achieve erythema are represented by open circles. 


0.8 
0.5 
0.4 


0.3 , ` - ; 


Slope 


0.2 af è š 


0.1 . $ 


50 100 500 1000 
8-MOP plasma concentration (ng/ml) 


Figure 6. The relationship between plasma 8-methoxypsoralen con- 
centration and maximum slope of the PUVA erythemal dose-response 
curve. Spearman rank correlation coefficient =0-49 (P<0-001). 
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Discussion 


We have shown that the rate of increase but not the 
threshold of the PUVA erythemal response corresponds 
to plasma 8-MOP concentration. 

A novel method of phototesting using a series of 
neutral density filters allowed simultaneous exposure of 
10 skin sites on the forearm to different UVA doses. The 
intensity of erythema at each of the sites was measured 
objectively 72 h after irradiation, and a logit function 
was fitted to the data obtained for each patient to result 
in a sigmoid dose-response curve. The maximum slope 
of each curve was calculated, and also the dose of UVA 
radiation (Do.o2s) that would be required to achieve an 
increase in erythema index of 0-025, a value corres- 
ponding to just detectable erythema. 

We have confirmed our previous findings’ and also 
those of other workers* that there is no significant 
relationship between sun-reactive skin type and erythe- 
mal sensitivity to PUVA assessed as the MPD. The value 
of Do.o25, calculated from the full dose-response data in 
each patient, should be a more accurate indication of 
sensitivity than the visually observed MPD which, like 
any minimal erythema measurement, is influenced by 
the magnitude of the UVA dose increments and also the 
exact degree of erythema observed.'” Even with sensiti- 
vity expressed as the calculated Dp.y25 (Table 1), or other 
doses such as the Do.os (data not shown), there is still no 
significant relationship with skin type. 

As found in previous studies,*® plasma 8-MOP con- 
centration showed great variability between patients. 
Under conditions of strict control of fluid and food intake 
it has been shown that 8-MOP serum concentrations 
show greater between-patient than within-patient var- 
jation.'' We have extended this observation by making 
repeated measurements of 2-h MOP plasma concentra- 
tion on different treatment days in 14 patients, without 
imposing dietary restrictions. Our results (Table 2) show 
that within-patient variability was still less than 
between patient variability under conditions of normal 
clinical practice. Our finding that patients given 30 mg of 
8-MOP had significantly lower plasma concentrations 
than those receiving higher doses (Fig. 3) even though 
this dose was determined by body weight, suggests that 
determination of 8-MOP dose by this method is not ideal. 
This may have relevance for treatment as some patients 
with a poor response to therapy are known to have lower 
than average plasma psoralen concentrations. !2 

In nine patients the phototest failed to produce an 
erythematous response, even at sites exposed to the 
highest dose of UVA radiation (30 J/cm). Goldstein et 


al. found that a plasma 8-MOP concentration of 
between 30 and 50 ng/ml was required to achieve a 
phototoxic erythematous response. In keeping with this, 
six of our non-responding patients had plasma 8-MOP 
concentrations less than 50 ng/ml, and the lowest 
concentration accompanied by an erythematous re- 
sponse was 44 ng/ml. Apart from this ‘threshold’ effect, 
there was no correlation between plasma 8-MOP con- 
centration and erythemal sensitivity to PUVA expressed 
either as the MPD (Fig. 4) or calculated Doos (Fig. 5). 
This is in contrast to Herfst and De Wolff’? who found a 
highly significant correlation between the mean maxi- 
mum blood psoralen concentration (when measured at 
half-hourly intervals) and the mean MPD (with irradia- 
tion 2 h after psoralen administration) of readings 
measured on three occasions in 18 patients. Although 
we studied a much larger number of patients we were 
unable to confirm these findings and the reason for this is 
uncertain. One difference between our study and that of 
Herfst and De Wolff’? is that we only measured plasma 
concentration of 8-MOP at a single time point (the time 
of irradiation) 2 h after oral administration. Variations 
in plasma concentration of 8-MOP after the time of 
irradiation are unlikely to be of relevance in psoralen 
phototoxicity. Similarly, although our measurement 
may not have coincided with the maximum 8-MOP 
plasma concentration this cannot explain the different 
results, as for individual patients the MPD has been 
shown to vary inversely with 8-MOP blood concentra- 
tions 1-5 h after the oral dose of psoralen.'? 

In our study the slope of the dose-response curve 
showed a highly significant correlation with plasma 8- 
MOP concentration (Fig. 6). The relationship between 
the slope of the PUVA erythema dose-response curve 
and therapeutic effect now requires investigation. 

The cause of the large variation in erythemal sensiti- 
vity to PUVA between patients remains to be established. 
It is not related to skin type, UVB erythemal sensitivity,’ 
or to 8-MOP plasma concentration provided that a 
concentration greater than 44 ng/ml is achieved. 
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Summary 


Fourteen cases of naevocytic naevi with anastomising lacunae suggestive of vascular spaces are 


reported. The cells lining these lacunae were consistent with naevus cells, being positive for vimentin 
and $100 protein and negative for factor VII-related antigen and Ulex europaeus I. The cells were not 
surrounded by laminin or type IV collagen. We suggest the formation of these vascular-like spaces 
may be due to defective production or increased degradation of components of the basement 
membrane with a consequent lack of cohesion. 


The diagnosis of naevocytic naevus is not difficult 
although sometimes these lesions show unusual histolo- 
gical features such as the deposition of amyloid,’ bone 
formation,’ presence of elastic fibres’ and psammoma- 
tous bodies.* In 1972 Sagebiel’ reported the presence of 
endothelial-lined spaces in naevocytic naevi which he 
described as being similar to vascular channels, but lined 
with naevus cells. He suggested that these changes were 
caused by the injection of anaesthetic and with conse- 
quent tissue shrinkage. In a study of unusual features of 
naevocellular naevi, Weedon® interpreted these spaces 
as being histological artefacts. 

The purpose of this study was to investigate, using 
histochemical and immunohistochemical methods, a 
series of benign naevocytic naevi that had anastomosing 
vascular-like spaces in order to determine further their 
nature. 


Methods 


One-hundred and seventy-five unselected naevocytic 
naevi were reviewed and of these only those showing 
vascular-like spaces were examined, using histochemi- 
cal and immunohistochemical methods. 


Histochemistry 


The sections were dewaxed in xylene and endogenous 
peroxidase activity blocked using a 0-3% solution of 
hydrogen peroxide in methanol for 30 min. The sections 
were then rinsed with ethanol and treated with pronase 
at 37°C for 15 min. They were then incubated sequen- 
Correspondence: Professor Vincenzo Eusebi, Istituto di Anatomia e 


Istologia Patologica, Universita di Bologna, Ospedale Bellaria. Via 
Altura 3. 40139 Bologna, Italy. 


tially at room temperature with bovine serum albumin 
for 10 min, Ulex europaeus agglutinin | (Vector, Burl- 
ingame, U.S.A.) in phosphate-buffered solution (PBS) 
supplemented with Ca** and Mg** for 2 h, and then for 
45 min with avidin—biotin complex. Three washes with 
PBS were performed betwen the sequential steps and 
then the chromogen, 0:03% 3,3’diaminobenzidine in 
PBS with 0-01% hydrogen peroxide, was placed on the 
sections for 3 min and these were counterstained with 
haematoxylin. 


Immunohistochemistry 


The ABC method of Hsu et al.’ modified by the use of 
streptavidin—biotin peroxidase complex (Ortho Diagnos- 
tic Systems, Milan, Italy) was used on the sections. The 
primary antisera used are listed in Table 1. As control 
sections those with known positivity and negativity 
were included with each batch of slides. 


Results 


Vascular-like spaces were found in 14 (8%) naevocytic 
naevi obtained from 10 patients. The clinicopathological 
features of these naevi are summarized in Table 2, Eight 
of the patients were female and two were male, and their 
age range was 23-54 years (mean 31-3 years). All the 
lesions were described as being polyploid or dome- 
shaped. 


Histology 


Seven of the cases were intradermal naevi and seven 
compound naevi. In five patients, the naevocytic naevi 
were multiple and in two of these cases all of the removed 
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Table 1. Antisera used for immunohistochemical analysis 





Antisera M/P Source Dilution 
S100 protein P Dakopatts 1: 3600 
Vimentin M Dakopatts 1: 200 
Factor VIII P Dakopatts 1:2500 
Laminin P Dakopatts 1:500 
Collagen IV M Dr H.Battifora 1:20 


Duarte, U.S.A. 


ee 


M, monoclonal; P, polyclonal. 


Table 2. Clinicopathological details of patients with naevocytic naevi 
with vascular-like spaces 


—CZCRLUSMAAAAAAAAAAAAÄAAĂăăåååååååĒĒĒËËËËËËËËÄÄÄÄÄËÄÄÄÄÄÄÄÄËËËËÄăÄăĂÏ 


No. of lesions 











Case Sex Age (y) Site selected 
] F 25 Back 3 (3) 
2 F 23 Back 3 (3) 
3 F 23 Face | 
+ F 35 Back 1 (2) 
5 M 28 Back | 
6 F 37 Shoulder 1 (3) 
7 F 27 Back 1 (2) 
8 F 24 Abdomen | 
9 M 37 Arm | 

10 F 54 Breast ] 





(n), number of naevocytic naevi removed at the same time from the 
same patient. 


lesions showed these vascular-like spaces. The extent of 
the vascular-like spaces varied between cases, although 
in most (Cases 2-9) they were only present focally. In 
one case (Case 1) they appeared widely distributed 
throughout the lesion. The vascular-like spaces were 
mostly located in the mid-dermis and near the dermal- 
epidermal junction. At low power, they mimicked a 
vascular lesion by appearing as cell-lined empty spaces 
that had their long axes often perpendicular to the 
epidermis (Fig. 1). The spaces showed an anastomosing 
pattern (Figs 2 and 3) and appeared to be bordered by 
cells that had an eosinophilic cytoplasm and dark 
staining nuclei (Fig. 3). Papillary-like structures pro- 
jected into the empty spaces and were similar to those 
seen in Masson's haemangioendothelioma (Fig. 4). 
Some of the cells appeared to ‘float’ freely in the empty 
spaces. 


Immunohistochemistry 


The naevocytic cells and the cells lining the vascular-like 
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Figure 1. Intradermal naevocytic naevus showing vascular-like spaces 
with long axes perpendicular to the epidermis (haematoxylin and 
eosin, x 50). 
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Figure 2. Anastomosing empty lacunar spaces dissecting the collage- 
nous stroma (haematoxylin and eosin, x 65). 
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Figure 3. Anastomosing spaces bordered by cells with dark nuclei iiaae 5. Strong immunoreactivity with S100 protein antiserum in the 
(haematoxylin and eosin, x 80). cells lining the vascular-like spaces. (Streptavidin-biotin peroxidase 
complex, x 125). 
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Figure 4. Small micropapillary structures reminiscent of a benign Figure 6. Cells lining the vascular-like spaces are negative for factor 


endothelial proliferation within the anastomosing lacunae (haema- VII related antigen. Endothelial cells are positive. (Streptavidin-biotin 
toxylin and eosin, x 250). peroxidase complex, x 350), 
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Figure 7. Immunoreactivity with laminin antiserum at the boundary 
of each naevocytic cell. (Streptavidin-biotin peroxidase complex, 
x 250). 


spaces were‘ strongly positive for both vimentin and 
S100 protein (Fig. 5). A similar positivity was found in 
the cytoplasm of the cells that were ‘floating’ in the 
empty spaces and those lining the papillary-like struc- 
tures. These cells were negative for factor VIlIl-related 
antibody (Fig. 6) and the lectin Ulex europaeus 1. When 
antibodies to type IV collagen and laminin were used, 
there was a strong positivity at the cytoplasmic borders 
of the naevocytic cells both in the dermis and near the 
dermal-epidermal junction (Fig. 7), but the cells lining 
the vascular-like spaces were either negative or only 
focally positive (Fig. 8). 


Discussion 


Of the 175 naevocytic naevi that were examined, 14 of 


them showed vascular-like spaces. Five of the patients 
had more than one naevus removed from the same body 
site but in only two of these cases were the vascular-like 


Figure 8. Laminin immunoreactivity is not seen around naevocytic 
cells lining the vascular-like spaces. (Streptavidin—biotin peroxidase 
complex, * 250). 


spaces seen in the lesions. The cells lining the vascular- 
like spaces appeared to be consistently positive for S LOO 
protein and vimentin, markers of naevocytic cells,” 
and were consistently negative for the lectin Ulex 
europaeus I and factor-VIII-related antigen, markers for 
endothelial cells.'?-'° 

The view that the vascular-like spaces in these naevi 
are histological artefacts is in our opinion incorrect, 
particularly as the injections of the local anaesthetic are 
usually performed away from the lesions. Most naevi 
surgically removed are done under local anaesthesia and 
it is only rarely that the vascular-like spaces in them are 
apparent. Also, Case 10 was a naevocytic naevus that 
was on a breast removed for carcinoma and under 
general anaesthesia. 

The basal lamina (BL) is a complex extracellular 
matrix that separates epithelial, mesothelial and endo- 
thelial cells from connective tissue stroma. '° It consists of 
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both intrinsic and extrinsic components.!’ Laminin and 
type IV collagen are two intrinsic components of BL'® 
which are produced by several cells, including naevocy- 
tic cells.!82° In the present study the naevocytic cells 
showed positive pericytoplasmic staining with type IV 
collagen and with an antiserum to laminin. However the 
cells that lined these vascular-like spaces suggest a 
defective production or an increased degradation of BL 
constituents. Perhaps this defect is responsible for the 
lack of cohesion and results in the formation of vascular- 
like spaces. 
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Summary 


The axillary microflora of 34 male subjects were studied in relation to their underarm odour intensity. 


The predominant groups of micro-organisms were aerobic coryneforms, Micrococcaceae and 
propionibacteria. There was no competition for habitat between these groups (Fisher's exact test 
P>0:05). There was an association between the population density of aerobic coryneforms and the 
intensity of odour (Spearman, P=0-001). Dominance of aerobic coryneforms within the axillary 
microflora was associated with high odour intensity (v7, P=0-:005). An in-vitro odour model was 
developed using a diethyl ether extract of axillary skin incubated with test bacteria. Underarm odour 
was produced exclusively by aerobic coryneform bacteria. Of aerobic coryneforms, 71:4% were odour 
producers and these were identified as Corynebacterium xerosis. 


Human odour has been of great concern to society. The 
feet, the groin, the hair, the breath and the general 
surface of the body all have characteristic odours, but 
the axillae generally produce the most powerful and 
easily recognizable odour. The evidence indicates that tt 
is an interaction of the axillary microflora with apocrine 
sweat which gives rise to the odour. An association was 
found between high microbial population densities of the 
axilla and odour, and high-odour people had a greater 
proportion of lipophilic and non-lipophilic coryneforms 
in thelr axillary microflora than low-odour people.? 
Using an in-vivo model of aprocine sweat on the occluded 
volar forearm inoculated with various axillary bacterial 
isolates, it was shown that only the coryneform bacteria 
produced the typical axillary odour.! The latter result 
has been confirmed by Labows et al.” Further evidence 
implicating bacterial microflora in underarm odour is its 
reduction when antimicrobials are used as deodor- 
ants.>4 

Numerous odorous substances have been detected 
and quantified in human axillary secretions, including 
fatty acids of chain length C2-Ci,° and some 16- 
androstene steroids.® The presence of the urine-smelling 
5a-androst-16-en-3-one (5a-androstenone) is thought 
to be largely due to microbial action because use of the 
antibacterial Povidone—iodine markedly reduced the 
amounts present in collections over 24 hb of axillary 
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secretions in men.’ Further work from these laborator- 
ies? has clearly identified some Corynebacterium spp. as 
being significantly involved with odour in the axilla and 
that such strains, whether singly or in combination, can 
extensively metabolize steroids such as testosterone.??° 

Recent studies have revealed that 5,16-androstadien- 
38-ol (androstadienol) and 4,16-androstadien-3-one 
(androstadienone) are present in sterile, adrenaline- 
induced, apocrine sweat but in small enough quantities 
that no odour ts detectable.‘! Current information 
strongly supports the hypothesis that the axillary mic- 
roflora converts androstadienone and androstadienol in 
apocrine sweat to a mixture of 5a-androstenone, 5a- 
androst-16-en-3a-ol and 5a-androst-16-en-3f-ol (3a- 
and 3f-androstenols).''7* These steroids have urine- 
and musk-like odours suggestive of human underarm 
odour. 

The present study describes an investigation to con- 
firm previous findings, to use isolates from the investiga- 
tion to develop an in-vitro model for studying underarm 
odour in which bacteria metabolize apocrine sweat, and 
to use the model for identification of specific isolates 
which are involved in the production of underarm 
odour. 


Methods 
Subjects 
Thirty-four male subjects, aged 21-55 years were used. 


A 
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All were in good health and had had no medication, 
including antibiotics, for 2 weeks prior to the investiga- 
tion. They used non-perfumed, non-bacteriocidal soap 
(Simple Soap, Albion Soap Co. Ltd) and refrained from 
using antiperspirants and deodorants for at least 5 days 
before the investigation. 


Assessment of underarm odour 


The method used was that of Rennie et al.,12 in which a 
panel of three selected experts was used to assess the 
odour. On the morning of the test the subjects washed 
the axillae and were assessed 6 h later by sniffing left and 
right axillae at a distance of 3 cm from the axillary vault. 
The odour was recorded on a scale of low, medium or 
high. There was no discrepancy between the assessors in 
assigning the class for each axilla or person. 


Microbiology 


Type strains of bacteria were kindly provided by Profes- 
sor W.C.Noble, United Medical and Dental Schools of St 
Thomas’s Hospital, University of London. The axillary 
microflora were sampled using a 2-cm-diameter skin 
area at the axillary vault. ?? The skin was scrubbed for 30 
s with 1:5 ml 0-1 M phosphate buffer pH 7-8 containing 
0-1% (v/v) Triton X-100 (BDH). This was repeated and 
the two samples pooled. Left and right axillae were 
separately sampled. The samples were decimally serially 
diluted in half-strength wash fluid and plated on to 
various recovery media for viable counting.’* Colony 
forming units (cfu) and isolates were then identified.** 


In-vitro model for underarm odour 


Two 5 ml distilled diethyl ether washes were taken from 
two areas of each of the axillary vaults in a similar 
manner to the buffer wash for bacterial sampling. The 
extracts were pooled (20 mi) and tmmediately filtered 
through sterile 0-22 um porosity cellulose acetate filters 
(Oxoid) to remove bacteria. Aliquots (1 ml) of extract 
were dispensed into 15 ml amber glass bottles with 
polypropylene caps. The diethyl ether was evaporated 
with filtered nitrogen and the tubes were sealed and 
stored at — 80°C. Test bacterial isolates were grown at 
37°C for 2 days aerobically (anaerobically for propioni- 
bacteria) and the cells were harvested by centrifugation 
at 3000 g, washed once with sterile 0-1 M phosphate 
buffer (pH 6:0) and then resuspended in fresh buffer. The 
cell suspensions were adjusted to ODsog 1:0 with buffer. 
Cell suspension (1 ml) was added to a bottle of dried 


Odour intensity 
NM 


axillary extract and the odour assessed after 6 h 
incubation at 37°C. Odours were scored on a scale of 
0-5. Two controls were used, one with no cell suspen- 
sion and one with no axillary extract. 


Statistics 


Statistical analysis was performed as recommended by 
Sokal and Rollf.+° 


Results 


Preliminary experiments confirmed that the regime of 
washing the axillae, followed by odour assessment after 
6 h, was an acceptable method. Odour was maximal 
after 6 h in low-, medium- or high-odour subjects 
(Fig. 1). 


Axillary microflora 


The per cent carriage and population densities of the 
groups of micro-organisms isolated from the axillae are 
shown in Table 1. There was no qualitative or quanti- 
tative difference between the left and right axillary 
microbial flora. Aerobic coryneforms, proplonibacteria, 
staphylococci and micrococci were the major axillary 
microbial organisms. All but one person carried detect- 
able aerobic coryneforms (>logi9 0:28 CFU/cm?). Only 
two subjects carried Gram-negative bacteria, Escherichia 
coli, at logio CFU/cm? of 2:75 and 4:05. One subject 
carried appreciable levels of yeasts (logio CFU/cm? of 


ii 


Time since washing (h) 
Figure 1. Development of odour intensity in the axillae of three low-, 


three medium- and three high-odour subjects following washing. 
E, low odour; D, medium odour; W, high odour. 
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Table 1. The per cent carnage and population density of microbial groups m the axillae of 34 male subjects 


Mean of both axillae Left axilla Right axilla 
% Carnage DensityT % Carriage Densityt X, Carriage Densityt 

Total bacteria 100 5:854:0°16 100 5'870 16 100 5*82+0 16 
Aerobic coryneforms 97-1 5:79 40:30 97-1 5:81 +031 97-1 5*76+0 29 
Total Micrococcaceae 100 4-76+0 37 100 4°79+0°37 100 4-7340:37 
Staphylococcus 85:3 4°38+0-5] 85:3 4 3940 52 85-3 4-37+0:50 
Micrococcus 52:9 1-90+0°52 52:9 1:9140°52 52:9 1-88 +0:52 
Propionibacterrum 100 3°6640°35 100 3-6340-35 100 3 6820:35 
Gram-negative bacteria 5:9 . 59 K 59 s 

Yeasts 2:9 i 29 z 2-9 i 


* Density not calculated due to low number of carniers. 
+ Geometric mean log CFU/cm?+SEM. 


Of the 33 isolates of staphylococci, 60% were S. 
epidermidis, 12% S. haemolyticus, 6% S. hominis, 3% S 
capitis and 3% S. saprophyticus, respectively. Micrococcus 
luteus was the only micrococcus tsolated. Fifteen per cent 
of the isolates could not be identified with confidence to 
species. Of the 32 propionibacterial isolates, 46:9% were 
P. acnes, 40:6% were P. avidum and P. granulosum was 
less prevalent at 12°5%. 


Association of the axillary microflora with underarm odour 


The geometric mean population densities of the axillary 
microflora for the three classes of subjects, low, medium 
and high odour, are shown in Figure 2. There was a 
strong association between the population density of 
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Figure 2. The axillary skin microflora of 10 low-, 10 medium- and 10 
high-odour subjects. O, Total microflora; W, aerobic cormyneforms; 
W, Micrococcaceae; @, micrococcl; B, propronibactena. 


aerobic coryneforms and the intensity of odour (Spear- 
man, P=0-001). An increase of the geometric mean 
population density of 300 times was associated with a 
change from low- to high-odour class. Due to the 
numerical dominance of the aerobic coryneforms in the 
axillae of high-odour subjects, there was an association 
of total bacterial microflora and intensity of odour 
(Spearman, P=0-001). No associations were found for 
intensity of odour and the population densities of the 
other microbial residents. 

Numerical dominance by bacterial groups was an 
important factor in determining a subject’s odour inten- 
sity. Where aerobic coryneforms outnumbered Micrococ- 
coceae, there was higher odour than when the aerobic 
coryneforms were not dominant (y*, P=0-005). There 
was no evidence of any adverse interaction amongst the 
bacterial groups (Fisher’s exact test, P>0O-05). Within 
the sample population there was a slight bias for higher 
odour in the right axillae. Repeated determinations over 
3 days with five subjects revealed remarkable consts- 
tency in microbial flora and odour intensity, and where 
there was a bias of higher odour in the right axillae, this 
was also consistent. 


Development of the in-vitro model for underarm odour 


Six isolates of aerobic coryneforms were tested for the 
production of underarm odour using ether extracts 
obtained from four low-, five medium- and four high- 
odour subjects, equivalent to 1 cm? skin (Fig. 3). Intense 
underarm odour was produced by four of the six test 
bacterial isolates whether the ether extracts were de- 
rived from low-, medium- or high-odour subjects. Two 
positive and two negative odour-producing bacterial 
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Figure 3. Odour production from extracts of low-, medium- and high- 


odour producing people by aerobic coryneform isolates. O, low odour 
extract; @ medium odour; W, high odour. 
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Figure 4. The effect of extract quantity on odour production by aerobic 
coryneform isolates. O, control; W, F1 isolate; W, F20, m, F13, 8, F46. 


isolates were ‘tested with extracts pooled from three 
medium-odour subjects at concentrations equivalent to 
0-1, 1-0 and 10 cm? skin (Fig. 4). An increase in ether 
extract substrate was accompanied by an increase in 
intensity of odour. However, at the highest concentra- 
tion tested, equivalent to 10 cm? of skin, the control had 
a detectable odour and the two negative odour-produc- 
ing bacterial isolates had the same odour intensity as the 
control. Therefore, further experiments were under- 
taken using an extract concentration equivalent to 1 
cm? skin area, and for consistency pooled extracts were 
obtained from the same three medium-odour subjects. 
These pooled extracts were used to determine the effect of 
pH, cell concentration, physiological state and viability 


and incubation time on odour production. All incuba- 
tions were at 37°C with isolate FI, a high-odour producer 
(Fig. 5). Odour production was optimum at pH 6, and 
none was detected at pH 4 and 8. Only above cell 
concentrations of 10° CFU/ml was odour production 
detected which with increasing cell concentration 
became more intense. Odour production was detected 
after 1 h incubation and increased up to 5 h but 
thereafter no tncrease was detected. Cells harvested from 
the exponential or stationary phase of growth were 
equally capable of producing odour. However, the rate of 
odour production was less with stationary-phase har- 
vested cells. 

When cells were heat-killed by boiling for 5 min (less 
than log 0:30 CFU/ml) and tested at pH 6-0, 37°C for 
6 h, no odour could be detected. Viable cells (log 7:82 
CFU/ml) gave an odour intensity score of 4. 

Finally, the model was tested using extracts obtained 
from the vault of the axilla, upper back and forearm, 
from a low-, a medium- and a high-underarm-odour 
subject. The extracts were used at an equivalent 1 cm? 
skin area and at 37°C for 6 h (pH 6:0) with four positive 
and two negative odour-producing aerobic coryneforms. 
No underarm odour was produced from any of the three 
extracts with the two negative odour-producing bac- 
teria. Underarm odour was produced only from the four 
positive isolates in the presence of extracts obtained from 
the axillary vault and fossa. In all cases, the odour 
intensity was greater with the vault extracts than the 
fossa extracts. 


In-vitro underarm odour production by axillary micro- 
organisms 


The in-vitro model, using pooled axillary vault extracts, 
equivalent to 1 cm? skin, pH 6-0 and 6 h incubation at 
37°C under aerobic conditions was used to test odour 
production by a range of bacteria isolated from the 
axillae (Table 2). Only aerobic coryneforms, and only 
those isolates identified as Corynebacterium xerosis, were 
capable of producing underarm odour in the in-vitro 
model. Of the C. xerosis isolates, 10-5% did not produce 
odour. The data from the in-vitro odour production 
experiment and the in-vivo data on microbial population 
density of the axillae were combined to examine the in- 
vivo odour intensity and the prevalence and dominance 
of odour-producing bacteria at the axillary skin site 
(Table 3). The prevalence of odour-producing bacteria 
was lowest in low-odour subjects, and these bacteria 
when present represented a very small proportion of the 
total microflora. However, in medium- and high-odour 
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Figure 5. The effect of (a) pH, (b) cell concentration, (c) incubation time and {d) growth phase (0, log phase; A, stahonary) on odour production by 


aerobic coryneform F1. 


Table 2. Prevalence of odour formation by bacteria tsolated from the 
axillae tested ın the in-vitro model. 


Bacterium Number % Odour producers 
Aerobic coryneforms 49 714 
Corynebacterium xerosis 28 89°5 
Others 10 0 
Micrococceae 56 0 
Propionibacteria 32 0 


subjects, only in one individual were there no detectable 
odour-producing aerobic coryneforms. In medium- and 
high-odour subjects these bacteria represented a major 
group of bacterial residents and there were significant 
increases in the population densities with increasing 
odour class. 


Discussion 


This study confirmed previous findings that the axillae in 
humans support a stable microflora in which the 
bacterial groups are limited to aerobic coryneforms, 
members of the Micrococcaceae and propionibacteria.!:16 
Although there was variance between individuals in 
that their microflora, especially the aerobic coryneforms, 
ranged from none detectable to 107 CFU/cm? skin, there 
was high stability in the same person and between left 
and right axillae. Labows et al., studying 12 males and 
12 females, also demonstrated this stability.2 These 
investigations suggest that the axillary environmental 
factors that control the microflora are themselves stable, 
but differ between individuals. In this study, no evidence 
could be found for competition between the main 
bacterial groups, indicating that they inhabit different 
niches. However, there was a negative association 
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Table 3. The prevalence, population density and dominance of odour- 
producing aerobic coryneforms in the axillae of subjects with varying 
underarm odours. 


Subject odour 
Low Medium High 
(n= 7) (n= 10) (n= 1Q) 
% prevalence 71-4 90 100 


Geometric mean 

CFU/cm? + SEM 2'81+0°68 4°79 40°54 6:13+0°13 
EE ee ee ee 

Pt=0-001 

% dominance of 

total microflora 0-005 20 39-8 

* t-test. 

tr test. 


between staphylococci and micrococci, suggesting that 
they compete for the same niche. 

Dominance, defined as the highest number of cells, 
was associated with the density of the total flora. High 
total flora was associated with aerobic coryneform 
dominance whilst low total flora was dominated by 
Micrococcaceae. Bacterial population density was asso- 
ciated with dominance with a 75% criterion being used 
for dominance.?” The present investigation largely con- 
firmed other studies where a 10% prevalence of S. aureus 
in the axillae was found in one study! and 3% reported in 
another, !8 but none were detected in the present study. 
The prevalence of Gram-negative bacteria was low (6%), 
as found by Noble and Somerville,’ differing from the 
20% reported by Leyden et al. 

The present study showed a significant association 
between the population density and dominance in the 
microflora of aerobic coryneforms and underarm odour. 
Some of the bacteria tn this group are important in odour 
production as was emphasized by Leyden et al.' Isolates 
within this group were used to develop a successful in- 
vitro model for underarm odour. Previously reported 
models using apocrine sweat succeeded in producing 
underarm odour, but these were restricted because of the 
very limited amount of apocrine sweat collected.12° The 
model reported here, using ether extracts from the 
axillae, required only the equivalent of amounts from 1 
cm? of skin and was independent of the donor’s odour 
score. Consistency of the results from the model was high 


for each aerobic coryneform tested. The optimum condi- 
tions for underarm odour production were similar in the 
model to those in the axilla in vivo, with odour produc- 
tion reaching a plateau after 6 h incubation at pH 6-0. 
This pH is close to that reported for axillary skin.** 
Underarm odour could be produced by cells in the 
exponential and stationary phase of growth but not by 
heat-killed cells. This suggests that although viable cells 
are capable of odour production, non-viable but metabo- 
lically active cells may also cause odour production. 
Whatever the cell state, the odour is dependent on the 
number of cells present. 

When the in-vitro model was used to test odour 
production by a wide range of axillary bacterial isolates, 
only those in the aerobic coryneform group were 
positive, confirming their crucial role in underarm 
odour. Equally important was the finding that not all 
aerobic coryneforms were odour producers. This may 
explain why carriage of aerobic coryneforms may not be 
sufficient to cause odour. For example, nearly 30% of 
low-odour subjects did not carry odour-producing aero- 
bic coryneforms, but if they did, then they were present 
in trivial numbers compared to the rest of the microflora. 
In this context, it is significant that the Corynebacterium 
spp. which produced odour in the in-vivo test described 
here, can metabolize steroids such as testosterone and 
16-androstenes. Underarm-odour-negative strains were 
found to be largely incapable of carrying out such 
transformations, as were Propionibacterium spp.” 

The present investigation has quantitatively and 
qualitatively defined the axillary microflora that is 
specifically involved in underarm odour production. 
Although underarm odour cannot be described in terms 
of specific skin substrate(s) used, enzymes involved and 
odoriferous compounds produced, the in-vitro model has 
opened up possibilities for future investigations of these 
topics. 
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Summary 


A 79-year-old male with psoriasis developed a zosteriform acantholytic dyskeratotic epidermal 


naevus during PUVA therapy. The eruption was successfully treated with etretinate 0-75 mg/kg/day 
and a subsequent course of PUVA with the affected area covered prevented a recurrence of the naevus. 


Classical keratosis follicularis (Darier’s disease) is a well- 
recognized entity with acantholysis, dyskeratosis and 
the presence of corps-ronds. These histological features, 
however, are not pathognomonic for Darier’s disease! 
and may also be present in other disorders such as 
transient acantholytic dermatosis or acantholytic dys- 
keratotic epidermal naevus. The latter condition was 
originally described as a ‘forme fruste’ of Darier’s 
disease.” The naevoid nature of the eruption is however 
more likely’? and is characterized as an acantholytic 
dyskeratotic epidermal naevus on the basis of its delayed 
onset, the absence of a family history and that the 
condition is provoked by hot and humid weather.” Its 
onset following sun exposure has also been described."’ 
We present a case of acantholytic dyskeratotic epidermal 


Figure 1. Linear distribution of papules on the right 
side of the thorax. 


Correspondence: Dr M.H.van der Wegen-Keijser. 





naevus that occurred during PUVA treatment in a 79- 
year-old patient with psoriasis. 


Case report 


A 79-year-old Caucasian male developed a non-itching 
linear papular eruption on the right side of his chest 
during the third month of PUVA treatment for severe 
guttate psoriasis. The total dose of UVA that he had 
received at the time was 40 J/cm?. The lesions tended to 
follow Blaschko's lines® and despite protection of the 
affected area from the light the eruption extended during 
the next 2 weeks of PUVA therapy. There was no family 
history of Darier’s disease. 

The patient had lenticular crusted and keratotic 
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Figure 3. Histology showing suprabasal acantholysis with hyperkera- 
tosis, focal parakeratosis and dyskeratosis ( x 20). 


papular lesions on the right side of the chest (Figs 1 and 
2). There were no nail changes, palmar pits or mucosal 
lesions and only the non-psoriatic skin was affected. The 
clinical diagnosis of acantholytic dyskeratotic epidermal 
naevus was made and a skin biopsy showed hyperkera- 
tosis with focal parakeratosis, dyskeratosis and supraba- 
sal acantholysis of the epidermis (Fig. 3). Corps-ronds 


were occasionally found in the granular layer. The 
dermis showed a mainly lymphocytic infiltrate. 

Treatment with PUVA was discontinued as it was 
regarded as a possible provoking factor for the acantho- 
lytic dyskeratotic epidermal naevus which was treated 
topically with 0-05% retinoic acid in a cetomacrogol 
cream. This appeared to exacerbate the guttate psoriasis 
and therapy was then changed to etretinate (Tigason®) 
0-75 mg/kg/day. Both his psoriasis and the naevoid 
condition resolved almost completely within 2 months. 
PUVA therapy was again given because the side-effects 
from etretinate meant that it had to be discontinued. The 
area previously involved with the acantholytic dyskera- 
totic epidermal naevus was covered during treatments, 
and 1 month later the psoriasis had cleared without any 
recurrence of the naevus. No provocation tests were 
done with PUVA because shortly afterwards the patient 
died from an unrelated cause. 


Discussion 


Acantholytic dyskeratotic epidermal naevus is an 
uncommon disorder with a delayed onset, the lesions 
starting from the age of 20 onwards. The occurrence of 
the condition in elderly patients has been described. Most 
of the patients improve with topical applications of 
vitamin A acid,° but in our patient this treatment was 
ineffective, although systemic therapy with etretinate 
cleared the lesions. 

A patient was described in whom acantholytic dysker- 
atotic epidemal naevus-like lesions were diagnosed 
which later could be provoked by UVB radiation.® 
Irradiation with UVA without psoralens did not induce 
the lesions. Our patient developed an acantholytic 
dyskeratotic epidermal naevus during his first course of 
PUVA treatment. Although he had previously had 
abundant exposure to the sun, he had never had 
evidence of this naevus. We believe that the occurrence 
of this was provoked by his PUVA treatment and that 
photoprotection of the area of skin previously affected 
was sufficient to prevent a recurrence during the second 
course. 
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Summary 


The case is reported of a female infant, who at the age of 3 months developed severe erythroderma, 


marked hyperkeratosis of the palms and soles and subsequently extreme growth failure and 
intermittent diarrhoea. Her course was complicated by life-threatening infections but detailed 
investigation revealed no recognized underlying metabolic or immune abnormality. 


Case report 

A 2-7-kg female infant, born at 36 weeks gestation after 
a normal pregnancy, was noted at birth to have dry, red, 
tight skin with no evidence of blistering, infection or 
collodion membrane. The skin improved with the appli- 
cation of emollients and was reported to be normal at 2 
weeks of age. She fed well and gained weight. 

At the age of 3 months she developed a blotchy red, 
scaly rash on the face, scalp and nappy area which 
slowly spread to the body and limbs, becoming confluent 
within 2 weeks. She was admitted to hospital and the 
eruption partially regressed on treatment with topical 
emollients and steroids in addition to oral antibiotics. 
Rapid relapse led to readmission 1 week later and in 
addition to a generalized scaly erythroderma she had 
bronchiolitis necessitating intravenous antibiotics and 
oxygen therapy. 

At the age of 4 months, she was referred to Great 
Ormond Street Hospital with a severe generalized ich- 
thyosiform erythroderma, diffuse skin thickening and 
palmoplantar hyperkeratosis. There were fissures in the 
flexural areas, thick waxy scales on the scalp and legs 
and fine white scales elsewhere, and in addition she had 
total alopecia and dystrophy of all her nails (Fig. 1). She 
was alert but irritable and, at 4-3 kg and 56 cm, well 
below the 3rd percentiles for weight and height. 

There was no family history of any similar skin or 
genetic disorder. 


Investigations 


Initial investigations showed a leucocytosis of 
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Figure 1. Nail dystrophy and palmar keratoderma. 


22:7x 10" with a normal haemoglobin and platelet 
count and an ESR of 2 mm/h. Clotting studies, platelet 
function tests, serum and RBC folate and vitamin By», 
corrected calcium, phosphate, magnesium, copper, zinc 
and selenium levels were all normal. Total protein at 35 
g/l and albumen at 18 g/l were markedly reduced. Urea, 
creatinine, electrolytes, liver function tests, immuno- 
globulins and TSH were normal. A full autoantibody and 
complement profile was negative. T-cell subset numbers 
and function were within normal limits. There was a 
minimal reduction in C3b uptake which was not 
thought to be significant. 

Radiological studies, including chest X-ray and ultra- 
sound of the abdomen, detected no abnormalities. 


Histology 


A skin biopsy from the upper back revealed parakerato- 
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sis, mild acanthosis and a chronic inflammatory cell 
infiltrate in the upper dermis. 

A jejunal biopsy was reported as showing normal 
villous and crypt architecture, with no increase in 
intraepithelial lymphocytes and no evidence of lumenal 
micro-organisms. 


Progress and management 


One week after admission she was febrile and unwell. 
Blood cultures grew Gram-positive cocci and she res- 
ponded to appropriate intravenous antibiotics although 
she continued to have febrile illnesses necessitating 
repeated courses of antibiotics, Persistent tachypnoea 
occurred, in the absence of clinical or radiological signs. 
Hepatomegaly, with normal liver function tests, was 
also noted. 

In spite of an oral milk and solid food intake of 165 
kcals/kg/24 h (recommended intake for a healthy infant 
at this age: 100-130 kcals/kg/day) there was continu- 
ing weight loss to 3:6 kg, persistent hypoalbuminaemia 
(12 g/l), oedema and intermittent loose stools. There was 
no evidence of protein loss through enteropathy or 
nephropathy. She was given several infusions of albu- 
min but this did not improve the serum albumin levels or 
clinical state. Intravenous feeding was commenced 
through a central long line and continued for a total of 5 
months, during which time she slowly gained weight 
(Fig. 2). 

During this period she had several episodes of septi- 
caemia due to a variety of organisms including Staphylo- 
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Figure 2. Growth chart. Note weight gain while on total parenteral 
nutrition (TPN). 
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coccus aureus and S. epidermidis, Streptococcus faecalis, 
Pseudomonas aeruginosa and Candida albicans. Virtually 
continuous intravenous antibiotic and antifungal ther- 
apy was required and alternate weekly immunoglobulin 
and fresh frozen plasma infusions were given over a 
period of 6 months to augment yeast opsonization. The 
central line had been resited three times but, because of 
recurrent infection, was finally removed. Intravenous 
feeding was continued for 3 weeks through a peripheral 
line and it too became infected with Staphylococcal 
abscesses at the insertion site. 

At the age of 11 months her weight had risen to 6-2 
kg. Enteral feeding via a nasogastric tube was gradually 
increased (she showed no interest in oral feeding) and, 
apart from frequent semi-formed motions, this was well 
tolerated. Her weight slowly climbed to 6'5 kg with an 
associated growth spurt to 61 cm, both parameters still 
below the third percentiles. 

She was treated with frequent oily baths and moistur- 
izing creams but the erythroderma persisted with 
increasing pruritus and the palmoplantar keratoderma 
became more pronounced. Other treatments that were 
tried, without success, included 1% topical hydrocorti- 
sone, topical linoleic acid and a course of parenteral and 
oral indomethacin in an effort to modify the inflamma- 
tory process. 

Further pyrexial episodes occurred, even after the 
indwelling line had been removed, and marked hepato- 
splenomegaly was now evident though her overall 
clinical state had Improved. Full immune studies were 
normal at this stage and intravenous immunoglobulins 
were discontinued. 

She was finally discharged to the care of her local 
hospital at the age of 14 months when established on a 
combined nasogastric and oral intake equivalent to 190 
kcals/kg/day. Her weight had reached 7 kg. Pyrexial 
episodes continued but blood cultures were negative. 
Her weight fell at 18 months and overnight nasogastric 
feeding was commenced. At the age of 20 months she 
suffered a severe chest infection complicated by conges- 
tive cardiac failure and following this episode remained 
oxygen dependent. 

Increasing keratoderma around the knees was evi- 
dent, nall dystrophy persisted and there was minimal 
fluffy scalp hair growth. During intervals at home her 
motor and social skills slowly improved but she achieved 
only the 8~9 month level of development when 20 
months of age. 


Discussion 
This infant developed a severe generalized erythro- 
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derma, failure to thrive, palmoplantar keratoderma, nail 
dystrophy and hypotrichosis at the age of 3 months. In 
addition she had marked hypoalbuminaemia, in spite of 
high protein intake, and recurrent life-threatening infec- 
tions in the face of normal immune function. She 
remained critically ill for 9 months and thereafter 
showed signs of a modest clinical improvement though 
the erythroderma and growth failure persisted. 

There are a number of disorders that may present with 
erythroderma in infancy including seborrhoeic dermati- 
tis, atopic eczema, congenital psoriasis, the ichthyosi- 
form erythrodermas, Netherton’s syndrome, immuno- 
deficiency syndromes such as Ommen’s syndrome, 
diffuse mastocytosis and multiple decarboxylase defl- 
ciency. 

Generally, it is possible to identify major immunodefi- 
ciency disorders, mastocytosis and biotin deficiency with 
the appropriate tnvestigations but the other disorders 
may be difficult to distinguish until later in the course of 
the disease when additional characteristic features 
become manifest. In many such children the presen- 
tation of erythroderma with failure to thrive is consi- 
dered a poor prognostic sign and in the past these were 
included in the diagnostic category of Leiner’s syndrome. 

Leiner! in 1908 reported details of 43 infants, of 
whom 14 died, who had presented with these features 
within the first month of life. Several similar reports 
followed and various, often minor, defects in immune 
studies such as yeast opsonization, complement deficten- 
cles, elevated IgE and abnormal neutrophil motility were 
identified and thought to account for the high rate of 
infections seen in these infants.*-> It is now recognized 
that ‘Leiner’s’ represents a heterogeneous group of 
disorders and it has been proposed that the term no 
longer be used.® 

There is no consistent pattern of immune dysfunction 
in these infants and indeed minor deviations from 
normal childhood values are common in otherwise 
healthy young infants. In particular, a yeast opsoniza- 
tion defect occurs in up to 20% of the normal popula- 
tion.” Raised IgE levels may be a marker of coexistent 
atopy or a feature of Netherton’s syndrome. 

Failure to thrive is likely to be multifactorial, due to 
poor intake, protein and water loss through the inflamed 
skin, debility induced by pruritus and pain and intermit- 
tent diarrhoea. It is presumed that the inflammatory 
process may affect the intestinal mucosa as well as the 
skin, although this is often difficult to demonstrate 
because histological changes are likely to be patchy and 
submucosal. 

Palmoplantar keratoderma is a rare condition in 


childhood and of the possible hereditary non-mutilating 
keratodermas, Unna-Thost and Papillon—Lefevre syn- 
dromes are localized conditions? and epidermolytic 
hyperkeratosis? shows characteristic histological 
changes. Tyrosinaemia type 2!° leads to a late-onset 
focal, painful keratoderma with corneal damage. Of the 
other possible causes, pityriasis rubra pilaris was consi- 
dered but it has not been reported to present in this 
manner. The association of erythroderma and kerato- 
derma is a feature of certain of the ichthyosiform 
erythrodermas but otherwise is an unusual combination 
in infancy and childhood. 

In conclusion, we report a child who presented with a 
new syndrome of unknown aetiology but of presumed 
genetic causation, either due to a new mutation or to an 
autosomal recessive trait. 
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Addendum in proof 


Sadly on 22 December 1990, at the age of 22 months, 
she died as a result of overwhelming infection. 
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Pemphigus vegetans presenting with deafness. otalgia and 
facial nerve paralysis 


Str, We report a patient with pemphigus vegetans of the 
Hallopeau type who presented with deafness, otalgia and a 
facial palsy. To our knowledge, this has not been previously 
reported.’ 

A 63-year-old man noticed in March 1989 gingival bleeding 
on brushing his teeth and shortly afterwards developed otalgia 
and deafness. He developed gradual hypertrophy of the 
gingivae (Fig. 1) and a biopsy taken showed prominent 
papillomatosis, acanthosis and a dense infiltrate of eosinophils 
and neutrophils in the dermis and eosinophilic microabscesses 
in the epidermis (Fig. 2). Direct immunofluorescence showed 
intercellular IgG in the epidermis and circulating antibodies 
were detected to intercellular material between epidermal cells 
on indirect immunofluorescence. Otological examination 
showed that both auditory canals were obliterated by a 
papillomatous hypertrophy of their walls and a purulent 
otorrhoea. There was a marked conduction deafness as shown 
on audiometry. The patient then developed a left facial nerve 
palsy. Computerized tomography showed low density material 
in both external auditory canals and in the middle ear (Fig. 3). 
A biopsy taken from the left auditory canal showed elongation 
of the epidermal rete ridges and an inflammatory cell infiltrate 
in the dermis that was composed mainly of neutrophils. 

The patient was treated with oral prednisolone in a dosage of 
30 mg/day and there was a dramatic improvement, with the 
disappearance of the otalgia and improvement of the deafness 
and facial palsy. His gingival lesions healed almost completely 
within 2 weeks. 

Although there is some controversy about the nosology we 
diagnosed our case as being that of pemphigus vegetans of the 
Hallopeau type.?* It is however difficult to differentiate this 
from pyostomatitis vegetans* when the lesions are restricted to 
the oral mucosa. Intercellular deposits of IgG or IgA have been 





Figure 1. Bright red. granular, hyperplastic gingivae. 
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Figure 2. Biopsy from the lower gingiva showing eosinophilic micro- 
abscess in the epidermal strand (Haematoxylin and eosin, x 112). 
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Figure 3. Computarized tomography showing low density materia! in 
the left external auditory canal (arrow) and middle ear (arrow head). 
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detected in some cases of pyostomatitis vegetans,’ but this 
diagnosis should be supported by the presence of inflammatory 
bowel disease that is not seen in pemphigus vegetans.** The 
sites of predilection for pemphigus vegetans are the mucous 
membranes of the mouth and nose and lesions occur in the 
axillae, groins, genitalia, on the extremities and scalp. In our 
case vegetating and exudative lesions occurred in both exter- 
nal auditory canals and in the middle ear and were the cause of 
otalgia, tinnitus, otorrhoea and deafness. The facial palsy that 
developed may have been due to pressure on the facial nerve 
either from the inflammatory oedema or resulting from the 
vegetating lesions in the ear.’ 
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Malignant melanoma occurring on a ‘naevus on naevus’ 


Sir, The occurrence of malignant melanoma in giant congeni- 
tal naevi is well documented, although there is some contro- 
versy as to its frequency.'? Malignant melanoma on a ‘naevus 
on naevus’ however, is rarely reported. We describe a case of 
superficial spreading melanoma that arose in a large speckled 
naevus, 

A 59-year-old Caucasian woman had from birth a giant 
pigmented lesion that extended from the right axilla to the 
pubic region (Fig. 1). It consisted of a large pale-brown cafe-au- 
lait macule that was speckled by numerous dark-brown 
maculo-papular lesions. In February 1988, one of these 
speckled papules in the left groin increased in size, becoming 
darker and suggestive of a malignant change. This lesion was 





Figure 1, Giant pigmented speckled naevus on the right side of the 
patient. 


excised and the histology was that of a superficial spreading 
melanoma with a nodule whose Breslow thickness was 1-10 
mm. At the periphery of the tumour a naevocytic naevus was 
noted and the adjacent cafe-au-lait macule showed only 
hyperpigmentation of the basal layer of the epidermis. There 
was no family history of atypical naevi or of malignant 
melanoma. 

This type of speckled ‘naevus on naevus’, is not usually 
thought to be associated with malignant change, although 
since 1985 five cases of malignant melanoma have been 
reported.” The mean age of the patients was 59 years at the 
time of diagnosis of malignant melanoma. The ‘naevus on 
naevus’ was congenital in three of the cases,” as in our 
patient. One melanoma occurred in a large zosteriform nae- 
vus.’ In three of the cases, as in our patient, the melanoma was 
of the superficial spreading type and was unspecified in two of 
the cases. In one case the melanoma led to the death of the 
patient. All the cases of malignant melanoma occurred in the 
dark-brown speckles with the histological pattern of a naevo- 
cytic naevus. We consider that a giant ‘naevus on naevus’ 
should be watched, as the condition cannot be regarded as 
always being benign, and there is a case for the prophylactic 
excision of a large ‘naevus on naevus’, as for a giant congenital 
naevus. 


Service du Dermatologie-Phlebologie, 
Hopital Saint Charles, 

Service d’Anatomo Pathologie, 

Gui de Chauliac, CHU, 

34059 Montpelier, France 


B.GUILLoT 
D. BESSIS 
G.BARNEON 
S$. MONPOINT 
].] GUILHOU 


Acknowledgments 


We thank Drs A.Gary Bobo, M.].Sturer-Laville and D.Broquerie 
for their collaboration, 


~ 


References 


1 Lorentzen M, Pers M, Bretteville Jensen G. The metdence of 
malignant transformation in giant pigmented naevus. Scand J Plast 
Reconst Surg 1987; 11: 163-7. 

2 Reed WB, Becker SW, Becker SW Jr, Nickel WM. Giant pigmented 
naevi melanoma and leptomeningeal melanocytosis. Arch Dermatol 
1965; 91: 101-19. 

3 Vion B, Belach S, Grossin M, Préaux J. L'aspect évolutif du naevus 
sur naevus: Revue de la littérature à propos de 7 observations. Ann 
Dermatol Vénéréol 1985; 112: 813-19. 

4 Kopf AW, Levine LJ, Rigel DS et al. Congenital naevus like naevi, nevi 

spili and cafe au lait spots in patient with malignant melanoma. J 

Dermatol Surg Oncol 1985; 11: 275-80. 

Brufau C, Moran M, Armijo M. Naevus sur naevus: A propos de 7 

observahons, 3 associées à d'autres dysplasies, et une ù un 

mélanome malin évolutif. Ann Dermatol Vénéréol 1986; 113: 409~ 

18. 

6 Rhodes A. Neoplasia: benign neoplasia, hyperplasia, and dysplasias 
of melanocytes. In: Dermatology in General Medicine (Fitxpatrich TB, 
Eisen AZ, Wolff K, Freedberg IM, Austin KF, eds), 3rd edn. New York: 
McGraw Hill, 1987; 877-945. 

7 Wagner RF, Cottel WI. In situ malignant melanoma ansing in a 
speckled lentigionous naevus. J Am Acad Dermatol 1989; 20: 125-6. 


n 


ADONIS 0007096391001491 


Cutaneous malignant melanoma occurring after cyclosporin A 
therapy 


Sm, We read with interest the paper by Mérot et al. in which 
they reported the development of cutaneous melanoma in two 
patients treated with cyclosporin A (CyA) for renal transplan- 
tation and systemic sclerosis, respectively.1 However, we think 
that some aspects of this paper need to be commented upon. 

Malignant melanoma (MM) as such is not an infrequent 
disease; during 1986 in the U.S.A. 23,000 new cases were 
diagnosed and 5600 patients died from this cause. Among 
patients over 65 years of age, the annual incidence rate (1979- 
81) in the U.S.A. was 26-9 cases per 100,000 inhabitants.? 
Malignant melanomas have been described during therapy 
with immunosuppressive agents** and CyA.’ 

The overall incidence of MM in patients treated with CyA is 
not fully established. In the post-marketing surveillance study 
of CyA in transplantation, which has followed-up almost 6000 
patients, some for up to 7 years, we have not detected any cases 
of MM. In addition, more than 4000 patients have been treated 
with CyA for autoimmune diseases and, apart from the first 
patient mentioned in the paper by Mérot et al.,! we are only 
aware of one case in a patient with rheumatoid arthritis, whose 
lesion was detected 4 months after discontinuation of CyA. 
This does not seem to be much different from observations in 
the normal population (see above). Regarding the first case 
described by Mérot et al.,! in their paper they did not mention 
the fact that after this melanoma was excised, CyA had to be 
continued because of the severity of the patient's underlying 
disease and no recurrence of the malignancy was observed. 
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Some points regarding the potential development of MM in 
association with CyA therapy are worth mentioning. First, 
other forms of tmmunosuppression, namely radiation therapy 
and antithymocyte globulin, have been reported to tncrease 
the risk for the development of MM up to 10:7-~fold.® Second, 
MM are certainly not only more frequent but apparently also 
more aggressive in patients treated with conventional immu- 
nosuppressive agents than in patients treated with CyA.*#° 

The authors seem to have misinterpreted the data published 
by Penn,? who showed that lymphomas were the most 
frequent cancers developing in patients treated with CyA (58 
lymphomas, 142 tumours in total) while in patients treated 
with ‘conventional immunosuppression’ 319 lymphomas out 
of 2598 tumours developed. It is evident that no incidence 
figures can be derived from these data. Therefore, indirect 
approaches have been made to calculate the risk and/or 
incidence for patients receiving CyA or other immunosuppres- 
sive agents. It appears that the overall risk for the development 
of malignancies is not higher in CyA than in ‘conventionally’ 
treated patients. ° 

In conclusion, we cannot exclude that CyA may have 
contributed to the development of MM in the patients described 
by Mérot et al., but we hope that our comments will help the 
reader to see these two cases in the appropriate perspective. 
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An unusual presentation of pseudoxanthoma elasticum with 
multiple comedones on the neck 


Sir, We report a case of multiple comedones appearing on the 
neck of a patient with pseudoxanthoma elasticum (PXE). 

A 32-year-old Japanese woman presented with cutaneous 
lesions that had been present for 28 years. She also had angina 
from the age of 15. There were many small yellowish papules 
arranged in a reticulate pattern on both sides of the neck, the 
axillae, cubital fossae and in both groins. These plaques had a 
‘cobblestone’ appearance. There were many comedones pre- 
sent in the posterior cervical regions (Fig. 1) and most were 
open and randomly distributed. Angioid streaks were seen on 
ophthalmological examination. There was no family history of 
similar skin disease. 

A biopsy from the left cervical region showed swollen and 
irregularly clumped elastic fibres in the upper and mid-dermis 
and von Kossa’s stain showed the presence of calcium deposits 





Figure 1. Comedones on the neck of a patient with pseudoxanthoma 
elasticum. 


along these fibres. An open comedo that contained many 
fragments of hair in its cavity was also seen (Fig. 2). 

Laboratory investigations were all normal, but cardiac 
catheterization showed obstruction of the left anterior descend- 
ing artery with marked stenosis of the left circumflex artery 
and a diffuse stenosis of the right coronary artery. 





os 


Figure 2. Skin biopsy from the neck showing fragmented elastic libres 
and an open comedo with many hair fragments in the cavity 
(haematoxylin and eosin, x 100). 


The multiple comedones seen in our patient are an unusual 
feature in PXE with only a few cases having been previously 
reported. We consider that the degeneration of elastic fibres 
in the upper dermis is a factor in the development of these 
comedones, as in solar elastosis. 
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The treatment of erythema multiforme major with systemic 
corticosteroids 


Sin, The role of systemic corticosteroids in the treatment of 
erythema multiform major (Stevens~Johnson syndrome: 
EMm} remains controversial although the standard British 
textbook of dermatology recommends their use.’ In a standard 
North American dermatology text the authors state ‘the 
usefulness of systemic corticosteroids in erythema multiforme 
is not generally accepted’ but then go on to suggest that ‘itis... 
in our experience useful, to employ a short. tapering course of 
systemic steroids’. 


Clinical trials reported so far have either been a collection of 
case histories where systemic steroids have been used or not, or 
retrospective comparisons of cases treated with systemic 
steroids and those treated without. There is no published 
prospective controlled study comparing systemic steroids to 
placebo in the treatment of EMm. Ruiz-Malonado treated 39 
patients with severe drug-associated EMm without using 
systemic steroids at all with excellent results. Rasmussen,! in a 
retrospective study, compared 17 patients in whom systemic 
steroids were used with 15 patients in whom systemic steriods 
were avoided, and found the steroid-treated group suffered 
from more complications and spent longer in hospital. In 
another retrospective study with 51 paediatric patients, treat- 
ment with systemic steroids worsened the prognosis of EMm.° 
The drawbacks of these studies have been discussed at length 
by Renfro et al, who presented three case reports and concluded 
that high-dose systemic steroids should be given early in severe 
disease.* All authors stress the need for prospective studies to 
help resolve this therapeutic controversy. 

We report the first controlled study of the use of systemic 
steroids in the treatment of EMm. Adult patients admitted to 
either Harare Central Hospital or Parirenyatwa Hospital in 
Harare, Zimbabwe, with a clinical diagnosis of erythema 
multiforme major were randomly assigned either prednisolone 
30 mg daily, reduced by 5 mg each day, or matching placebo 
tablets. All patients were black Zimbabweans. In all cases their 
histology was consistent with the diagnosis of erythema 
multiforme, showing partial epidermal necrosis with some 
dermo-epidermal separation and a predominantly lymphocytic 
infiltrate in the superficial dermis. The mean age of the patients 
was 27:9 years (range 16-38 years). Four patients received 
prednisolone and five received placebo. All patients received 
the same regimen of oral hygiene and cutaneous lesions were 
treated with 1% silver sulphadiazine cream. In five cases there 
was a definite history of drug intake before the onset of the 
rash, two patients having ingested sulphonamides, two having 
taken caffeine tables and one having taken multiple analgesics. 
No patients in either group developed complications (fever, 
cutaneous infection, signs of chest infection, arthropathy, etc.). 
The prednisolone-treated group were discharged from hospital 
after an average 9:5 days, while the placebo-treated group 
were discharged after 8 days. Three out of four of the 
prednisolone-treated group, and one out of five of the placebo 
group were considered still to have active disease at 7 days. 
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The patients in this study all had relatively mild, uncompli- 
cated EMm, and thus may not be representative of the complete 
spectrum of the disease. One of the reasons for this, and for our 
small numbers, was that the referring hospital physicians were 
unhappy that their patients may be randomized to the placebo 
group and would not permit thetr patients to participate in the 
study. This reflects the strong ‘traditional’ belief in the value of 
systemic steroids ın the condition. There is no information on 
whether different racial groups suffering from EMm may have 
different outcomes. The conclusion from this small prospective 
controlled study of the use of systemic steroids in the treatment 
of erythema multiforme major confirms the other existing trial 
data that systemic steroids are of no value in its treatment and 
reaffirms the need for a definitive prospective study. 


Department of Dermatology, S.WRIGHT 
University of Zimbabwe Medical School, 

Harare, Zimbabwe 

Present address: Department of Dermatology, 

The Royal Free Hospital, 

Pond Street, 


London NW3 2QG, U.K. 


References 


1 Rasmussen JE. Erythema multiforme in children. Response to 
treatment with systemic corticosteroids. Br J Dermatol 1976; 95: 
181-6. 

2 Renfro L, Grant-Kels JM, Feder HM, Daman LA. Controversy: are 
systemic sterolds indicated in the treatment of erythema multi- 
forme? Pediatr Dermatol 1989; 6: 43-50. _ 

3 Champion RH. Disorders affecting small blood vessels: erythema and 
telangiectasta. In: A Textbook of Dermatology (A Rook, DS Wilkinson, 
FJG Ebling, RH Champion, JL Burton, eds), 4th edn., Vol. 2. Oxford: 
Blackwell Scientific Publications, 1988; 1088. 

4 Elias PM, Frotsch PO. Erythema multiforme. In: Dermatology in 
General Medictne (TB Fitzpatrick, AZ Eisen, K Wolff, IM Freedberg, KF 
Austen, eds), 3rd edn., Vol. 2. New York: McGraw Hill, 1987: 562. 

5 Rutz-Maldonado R. Acute disseminated epidermal necrosis types 
1,2, and 3: Study of sixty cases. ] Am Acad Dermatol 1985; 13: 623- 
35. 

6 Ginsburg CM. Stevens-Johnson syndrome m children. Pediatr Infect 
Dis 1982; 1: 155-8. 


ADONIS 0007096391001524 


British Journal of Dermatology (1991) 124, 614. 


Book Reviews 


Nail Disorders. R.BARAN, J.BARTH, AND R.DAwBER (1991). 
London: Martin Dunitz. Pp. 188. Illustrations 193. ISBN 
1-853-17004-6. Price £29.95. 


This is a beautifully illustrated ‘problem orientated’ guide to aid 
the diagnosis of abnormal nails. As the book is structured 
around signs, not diseases, it is of much more value to the 
clinician faced with a patient with a nail problem that most 
previous ‘nail’ atlases. Chapter topics include, for example, 
abnormalities of nail configuration, modifications of nail 
surface, and natl colour changes. 

Both the text and the photographs make for fascinating 
browsing-—parrot beak nails, hook shaped deformities, ‘worn 
down’ and ‘shiny’ nails—every conceivable nail (even absent 
nails) are illustrated. The quality of reproduction is so good that 
‘tt makes your nails hurt just to look at them’, according to an 
uninvited reviewer looking over my shoulder. New or forgotten 
entities abound—I shall look out for BDD or blistering distal 
dactylitis—a varlant of a streptococcal skin infection over the 
anterior foot pad of the distal phalanx of the finger and 
parakeratosis pustulos (p. 133) was also new to me. Sex even 
creeps into this nail book—-apparently primary extragenital 
cutaneous gonorrhoea may present with a fingertip abscess. 

Does ‘dolichonychia’ (long nails) really exist as an entity or 
are our eminent triple authors having us on? In this condition 
the ‘length of the nail is much greater than the width’; I 
wonder what ratio is ‘abnormal’, as Figure 1.21 looks 
remarkably normal. In the following chapter Figures 2.1 and 
2.3 are said to show ‘age-related’ longitudinal lines, but is there 
really any evidence that these changes are related to any 
ageing process? 

There is a useful chapter giving some helpful hints concern- 
ing treatment of common nail conditions. However, the 
disability suffered by someone with lichen planus of the nails 
would surely have to be immense to justify treatment with 
systemic steroids for up to one year (p178). It is amazing to see 
evening primrose oi! suggested for yet another condition— 
brittle natls—though the authors do say that there is no 
objective proof of its efficacy. Does methotrexate really slow 
nail growth rates ‘by up to 100% less than normal rates’ (p. 
174); surely methotrexate does not stop nail growth com- 
pletely. 

This is an excellent book which can be recommended to all 
involved in caring for diseases of the hands and feet: its 
practical approach will for example make it very useful to 
chiropodists. Although the authors imply in the foreword that 
the book is not specifically aimed at dermatologists, I would 
recommend it for dermatology departments as a useful parallel 
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book to the 1984 Baran and Dawber publication. When faced 
with an odd nail in the clinic, you will probably reach for this 
book first. 

A final mystery remains. Is the traumatic subungual 
haematoma of the great toes of an anonymous marathon 
runner (Fig 2.23) a self-portrait of the toes of one of the 
authors? I think we should be told. 


A. Y. FINLAY 


Skin Immune System (SIS). Edited by J.D.Bos (1990). Boca 
Raton, Florida: CRC Press, Inc. Pp 501. ISBN 0-8493-4945-1. 
Price £120. 


The editor’s stated aim is that this book should represent a 
distillation of the latest information on the skin immune 
system, which would otherwise only be obtainable by consult- 
ing original articles. This he has achieved this by commission- 
ing chapters from a panel of distinguished contributors. Study 
of the skin immune system in this detall is not of universal 
interest, and the book must be aimed primarily at investigators 
in the field. 

Subjects covered in the first three sections include the overall 
organization of skin-associated lymphoid tissues, the role of 
adhesion molecules in inflammatory cell recruitment into the 
skin, the individual cellular constituents of the skin immune 
system, humoral skin !mmunity, and epidermal cytokines. The 
fourth section relates to alterations found as a result of spectfic 
dermatological diseases, immunodeficiency states, HIV-1 
infection, photoirradiation, and pharmacological manipula- 
tion. The authors in this last section have been given a more 
difficult task, because it is difficult to compress the great 
amount of available data into a brief chapter. 

Although the book was published in 1990 the preface is 
dated February 1989, and, as is inevitable with books of this 
nature, the field is advancing so rapidly that some recent 
developments have not been included. The nature of the 
content and the price at £120 means that this ts not a book 
which the average dermatologist will be investing in. The 
investigator with special interest in the tmmunology of the skin 
will need to follow the literature and may also think twice 
before ordering a personal copy. Nevertheless, it does represent 
a comprehensive summary of the ‘state of the art’, and as such 
certainly deserves a place is a reference text in the departmen- 
tal library. 
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News and Notices 


2nd Congress of the European Academy of Dermatology and 
Venereology (EADV), 10-13 October 1991, Athens 


The 2nd Congress of the European Academy of Dermatology 
and Venereology (EADV) will be held 10-13 October in 
Athens. The Congress will be organized by the EADV in 
cooperation with the Department of Dermatology of the 
University of Athens. For further information contact: the 
Congress Organizers and Secretariat, 24 Harilaou Trikoupi 
Street, Athens 106 79, Greece. Telephone 3609511; Fax (01) 
3607962. 


Omega-3 fatty acids: metabolism and biological effects 
International symposium 15-19 September 1992, Oslo, 


Norway 


An international scientific symposium will be held on Omega-3 
fatty acids: their metabolism and biological effects at the Oslo 
Plaza Hotel, 15-19 September 1992. Plenary sessions with 
invited speakers and parallel sessions on specific topics, as well 


as poster sessions, will be held. The deadline for submission of 
abstracts is 31 March 1992. For further information, contact: 
Professor Chr A.Drevon, Institute for Nutrition Research, 
University of Oslo, P.O. Box 1117, Blindern, N-0317 Oslo 3, 
Norway. 


University of Nijmegen 


Dr P.D.Mier has been appointed as an extraordinary Professor 
in Biochemistry of the Skin with emphasis on psoriasis at the 
University of Nijmegen. 


The Skin Disease Research Fund 


Applications are invited for research grants from The Skin 
Disease Research Fund and the deadline for submission is 2 
September 1991. Only the Fund’s own forms will be accepted 
and these can be obtained from: the Secretary, The Skin 
Disease Research Fund, 3 St Andrew’s Place, London NW1 
4LB. Telephone 071-935-8576. 
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